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PREFACE. 


The author fears, owing to the want of time at his disposal, 
that the work is not in such a perfect form as he would 
have wished ; he, however, trusts all shortcomings in this 
respect will meet with lenient judgment from his readers. 

The author has to express his thanks to Messrs. Clark and 
Standfield, Mr. R. H. Tweddell, Mr. J. B. Ellington, Messrs. 
Thomewelland Warham, and Mr. H. Adams, for their courtesy 
in affording information on the specialities designed and made 
by them. Also to the Council of the Institution of Civil 
Engineers, for their courtesy in allowing the author to use 
Drawings Nos. 1, 3, 4, 6, 8, 9, 13, 15, and 17, from the 
TransactioTis of the Institution, vol. 50, 

FREDERICK COLYER, M.Inst.C.E., M.Inst.M.E. 

18 , Great George Street, 

Westminster, S.W. 

Julyj 1881 . 
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PART 1. 


HYDRAULIC LIFTING MACHINERY. 


CHAPTER I. 

HYDRAULIC HIGH-PRESSURE LIFTING MACHINERY. 

The first practical use of. water for the transmission of force 
was made by Bramah, in the hydraulic press of which he was 
the inventor ; it was patented in 1796. He also intended to 
use the same system as a motive power for cranes, etc. For 
transmitting power to great distances, water is the most 
suitable, and in the end, most economical ; it possesses many 
advantages over other plans, of which the author treats in 
another place. 

The hydraulic system, as applied to cranes and other lifting 
apparatus, was first brought into extensive use by Sir W. G. 
Armstrong, to whom the author wishes to bear full testimony 
as the "pioneer” of most of the work done since in this 
branch of engineering. From the success which attended his 
first efforts in this way, in 1846, may be traced the researches 
of others in the same line, and the execution of most important 
and successful works. 

The author does not intend here to go closely into the 
question as to the relative cost of lifting by hydraulic power, 
as compared with other plans; he will add a few remarks 
as to this at the end of this section of the book (see p. 33). 

The useful effect obtained from direct-acting hydraulic 
apparatus is about 93 per cent., and when short-stroke cylin- 
ders, combined with movable pulleys, are used, it varies from 
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60 per cent, (at 10 to 1) to 75 per cent, (at 4 to 1) ; — this is 
assuming the machinery to be of the best kind. 

In most of the large docks in London and elsewhere, 
hydraulic quay cranes are usually fixed; portable cranes, 
however, are coming into use in many places. The circum- 
stances of the work to be done, and arrangement of the place 
must decide which is the most suitable plan. There is no 
difficulty in connecting the water pressure from the main 
pipes to the cranes. 

Machinery for this class of work will now be described in 
detail. The engines for pumping the water, and the boilers 
to supply steam for same, are the first consideration. These are 
usually placed at a convenient spot, — where possible, about 
midway between the work to be done ; this, however, is not 
of great moment, because, in the case of docks, to satisfy the 
fire insurance companies, and reduce the amount of the pre- 
miums on the pcdicies, the engine and boiler houses are often 
placed outside the dock, the mains being carried a considerable 
distance from the engines and pumps. Special arrangements 
are necessary as to accumulators and valves, which are described 
in another place. 

The application of hydraulic machinery is a large and most 
important subject ; the author has hereafter fully treated most 
of the apparatus in general use. If more detail is mentioned 
than seems necessary to practical men, the excuse is, so little 
appears to be known by many engineers, architects, and users 
of this class of machinery, that it is hoped the details given 
in this book may be some guide to them in laying out such 
plant, and will help to show where it can be usefully employed. 

Water Pressure. 

To obtain the requisite pressure in the pipes for working 
the hydraulic apparatus, several means have been employed 
which are detailed below. 

1. Head of Water from a Tank.— T he water is pumped 
up by engine power to a tank fixed on a tower of brickwork, 
in some cases 200 feet high, and mains carried from it to 
distribute the pressure. The most notable instance of this is 
the one still existing at the Great Grimsby Docks. • The tower 
in this case carries a wrought-iron tank, holding 38,000 gallons 
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of water at 200 feet from the ground line ; the size of the top 
of the tower is 26 feet square and 28 feet at base, walls 4 feet 
thick at base, and 3 feet thick at the tank level ; supply pipe 
is 13 inches diameter. 

Owing to the great cost of such apparatus, especially as 
regards the foundation, for high-pressure work, this plan is 
seldom used. It has, however, one advantage over the other 
plans : the tank forms a large reservoir of power, and allows 
the cranes to be used for a certain period independent of the 
engines, and consequent attendance of the men in charge of 
the same. 

2. Air vessels were next tried, but the difficulty in keeping 
them properly charged with air and retaining the pressure was 
so great that this plan has been generally superseded by the 
apparatus described in the next chapter. It must be borne in 
mind that these remarks only apply to high-pressure work, as 
air vessels are still advantageously used for pressure up to 
200 lbs. on the square inch ; and, in places where accumulators 
are too costly and would take up too much space, they are to 
be recommended. 

A small air pump should be employed to keep up a steady 
supply of air, and thus maintain the proper working pressure 
in the pipes. 

The air vessel should be well made and double ri vetted, 
and of ample size for the work. The pumping power should 
also be large, to be equal to any sudden demand upon the 
apparatus. The author prefers to make the air vessels small 
in diameter and high, in preference to a larger diameter and 
less height, as he believes the air is not so quickly absorbed 
on this plan by the water, and in this way less trouble is 
caused in keeping up the pressure in the pipes. 
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CHAPTER IL 

ACCUMULATORS. 

The water pressure for working cranes, etc., is usually given 
by the above apparatus, which consists of a loaded ram working 
in a cylinder, similar to a hydraulic press. The top of the 
ram carries a cage loaded with stone or other material, to give 
a dead load direct on the same ; this counter-balance cage rises 
and falls between two iron guides fixed to strong timbers. 
Water is pumped into the cylinder until the required pressure 
is obtained ; this varies from 300 to 750 lbs. per square inch, 
the latter being considered the most suitable for working cranes 
and hoists, etc. The cylinders and rams for the above pressure 
are made of thick metal, to stand heavy shocks. 

In the accumulators first made, the cage containing the 
load rose and fell above the cylinder; but the more modem ones 
are made with a hole in the centre of the cases, allowing them 
to work ovev the cylinder, as shown in No. 1 Drawing. 

Base plates for the cylinder must have powerful ribs, and 
be well bedded on a sound foundation ; the base plate should 
be cast separate from the cylinder, to ensure sound castings in 
both cases, and also to facilitate fixing. 

The cage, or round case for the counter-balance, is made 
of wrought iron, i to f of an inch thick, with stay rods to take 
weight of same fixed to a cast-iron cross-head fitted to the 
head of the ram. 

Self-acting gear is fixed to the top of cage to regulate, by 
means of the throttle valve, the speed of the engines to suit 
the work. Safety valves are fitted to the pipes, to give relief 
in case of sudden stoppage. Self-acting air valves are also 
provided to avoid shocks. 

m action of the “accumulator” is thus:— At the com- 
mencement of the pumping all the pipes are filled! then the 
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pipe leading to the accumulator cylinder being on the main 
pipe, the loaded ram is raised ; if no crane, etc., is wanted at 
the time, the engines are stopped when the ram is full up. 
All the pipes are now charged to the full working pressure ; 
directly, however, pressure is required from the pipes, by 
using any crane, the ram falls and the valves of the engines 
are again opened by the self-acting gear, and the pumping is 
recommenced, so keeping up the required amount of pressure. 
The area of the ram and stroke depends upon the class of 
work; as a rule, not more than the contents of three crane 
cylinders are allowed. The pumps and engine power should 
be sufficient for the largest demand that can be made in any 
emerg(mcy. 

The distance from the accumulator to the cranes is not a 
matter of much moment; but where the pipes have many 
bends and follow a circuitous route, extra accumulators are 
usually fixed at various points. This specially applies when 
the work is done at a dock or wharf, and where the cranes 
are a long distance apart. 

The pipes used are cast iron, 2, 3, 4, and 6 inches diameter, 

to I3 inch thick, with faced joints, and two lugs to the 
flanges ; safety valves are fitted at various points, and means 
taken to protect the pipes from frost. 

The useful effect of the ''accumulator” is about 75 to 80 
per cent. The wear and tear is very small, and the consequent 
repairs almost nil. 


Engines for Pumping. 

Tlie engines usually emydoyed are high-pressure of the 
horizontal class, coupled with one fly-wheel fsee Drawing 
No. 2). The pumps are worked direct off the cross-head; they 
have rams and pistons, and are double-acting; the valves are 
india-rubber, with steel intermediate discs ; and only very small 
lift is given to them. The valve-boxes are arranged to be 
easily accessible, and each pump is provided with a safety 
valve, — in case of any sudden shock this prevents a fracture. 
The en^nes are controlled by the self-acting gear before 
named, worked by the accumulator. 
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The fly-wheel should be heavy, turned on the rim, and well 
bidanced. 

Foundations must be very good, and a sound bottom 
obtained, to keep the engine from vibration. 

The speed of the engines vary from a few strokes per 
minute to 300 feet per minute. 

The best kind of engines are high pressure worked ex- 
pansively ; all other types are too complicated, and likely to 
get out of order. The engines should be strongly made, and 
of ample power compared to the work to be done. 

The engines sometimes have the pumps fixed at the back of 
the cylinders ; they take up rather more space, but some ad- 
vantage is gained by the facility with which the valves and 
all working parts can be got at without going under the floor 
of the engine-room. This is a matter of detail, and does not 
affect the system of working. 

The boilers are of the Cornish or Lancashire type, and 
should be placed in a house near, so that the same man who 
attends the engine can also superintend the stokers in the 
boiler-house. The boiler should be of ample capacity to meet 
any unusual demand upon the engines. 

Water used . — In the case of docks, most of the water is 
returned to the dock ; but in smaller places it is used over 
again, so there need be but little waste. It is very important 
to keep the water clean and free from grit and dirt. All tanks 
should be covered, and cleaned out at stated periods. 
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CHAPTER III. 

HYDRAULIC CRANES. 

Cranes for dock and wharf work are usually constructed as 
shown in Drawing No. 3. Taking a two-ton crane as a type, 
the posts are of cast iron, fixed to a base plate ; the jib works 
round on the turned head and base of same ; it is of wrought 
iron, formed either like a rivetted girder, or two slabs, strutted 
apart by cast-iron distance pieces or wrought-iron bracings, to 
keep them from “ raking.” 

The top wheel is 18 inches in diameter by 3 inches wide, 
with a plain groove for the chain to work in ; and in order to 
reduce the friction, the groove should be turned. 

Working Cylinders (see Drawing No. 4). — The cranes are 
worked by cylinders fixed horizontally under the quay or 
jetty, with rams working through stuffing boxes or leather 
packing ; the diameter of rams and the stroke depend upon 
the weight and height lifted. 

To the head of ram is fixed a carriage with movable pulleys. 
The chain is attached to the base of the cylinder, then passes 
over the movable and fixed pulleys, giving the necessary 
length of chain for the height to be lifted. 

To swing the crane two separate cylinders are used, having 
chains passing from the ram-heads to a grooved wheel keyed 
upon the jib-post, near the bottom. The cranes are worked 
by two valve boxes and two sets of valves — one to control the 
raising and lowering, the other the swinging.” Air valves 
and safety valves are provided to each crane, to take any sudden 
shock and so prevent fracture. 

At some wharves the cylinders cannot be sunk below the 
ground Ifne ; in this case the jib is fixed upon a platform, and 
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the cylinders below. This has the additional advantage that 
the jib is kept clear of the sides of the vessel when the level 
of the water rises. 

For small weights and low lifts, the cylinders are fixed in 
the hollow part of the crane post. The same arrangements are 
made as before as to the stroke of the cylinders compared to 
the height to be lifted. 

In cases where craft have to be unloaded from a V-shaped 
"jetty’* some distance from the front of the warehouse, a 
special jib is fixed in framing, and at a sufiicient height to keep 
the floor of jetty clear to land the goods ; the jibs in these 
cases are from 25 to 30 feet radius, and sometimes more. 

Wharf cranes are usually made to carry 35 to 40 hundred- 
weight, and for exceptional weights one or more cranes are 
fixed, capable of lifting up to 5 tons, fitted with two lifting 
cylinders when not wanted for such heavy weights. One lifting 
cylinder only is used for the lighter weights, and so loss of 
power is saved, or where the business is large these cranes are 
only used for the heavy weights. 

For cranes to lift above 10 tons, it is advisable to apply 
auxiliary hand power to enable these occasional weights to be 
raised. The strength of all the various parts being made 
sufiicient to take the maximum load, a movable block is used 
in such cases. 


Hydraulic Crane, 160 Tons. 

A very fine crane is shown in Drawing No. 5. It was 
made and erected by Sir W. G. Armstrong and Co., to load 
heavy guns, etc. The lifting power is a suspended cylinder 
from the crane-head, with ram and piston working in same. 
The lift is made direct from the ram, and not by means of 
chains or gear. The swinging gear does not much differ from 
the usual plan. 

The jib and all its parts are wrought iron, very powerful 
and carefully proportioned. Such a crane is of necessity only 
used for heavy and special lifts ; the action is very slow, to 
avoid any undue strain. The height lifted is about 40 feet. 
The author believes this crane, and one at the Elswick Works, 
are the only two examples yet erected, and in his opinion the 
only safe method of dealing with such heavy weights. They 
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arc of necessity very costly, but as they have to deal with 
goods of great value, such apparatus are true economy in the 
end. 

It need hardly be added the foundations must be carefully 
made, massive, and resting on a sound bottom. Where the 
ground is soft or marshy, piles should bo driven, and a plat- 
form of concrete formed on it, and on this the masonry or 
brickwork is built. 

Movable Cranes (Drawing No. 6). 

For dock and wharf work cranes are made portable, and are 
run on rails to any spot required. Hydrants are placed at 
various points in the pressure mains, with convenient means 
of attachment at the base of the crane. A sliding or telescope 
])ij)e is used to admit of some adjustment. 

The crane is usually made with the working cylinder fixed 
inside the post. It is more convenient for light weights to 
dispense with the swinging gear. 

Tlie valve motion is much the same as in the other cranes. 

This class of crane possesses many advantages for dock or 
wharf work, especially in the latter case, the wharf usually 
being by the side of a tidal nver. At the fall of the tide the 
vessel grounds, and when discharged, or all the goods taken 
out of one hold,’’ the crane can be moved on to next hold, or 
another ship or craft. 

Some difficulty was experienced at first use of these cranes, 
on account of the joints leaking ; subsequent improvements 
have now got over this difficulty. 

A leading dock manager, and a great authority on “ Lifting,” 
has lately stated, he would always use hydraulic cranes in 
a dock ; but in any new dock he would prefer to have them 
movable.” 

It must bo borne in mind, to make cranes pay they should 
work as many hours as posvsible. The above plan allows of 
this ; it also lessens the number of cranes required at a wharf 
or dock ; it keeps the wharf or quay clear, and so allows of 
extra space for stowage of goods. 
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Ellington’s Patent Movable Hydraulic Winch, 

Shown on Drawing 7, consists of a Brotherhood’s three- 
cylinder engine, on the shaft of which is keyed a double drum 
with brake-wheel, supported on a substantial iron framing 
fitted with wheels and axles. The front wheels are made so 
as to turn under the frame for convenience in moving about. 
The weight of the apparatus is more than sufficient to balance 
the load to be lifted, and only requires to be kept steady by 
'‘chocks” under the wheels. 

The engine is controlled by a balanced valve, which is used 
for starting, stopping, or reversing the engine. In most cases 
the machine is used with an up and down rope or chain, 
passed over snatch-blocks. At each lift the engine is reversed, 
and the only overhauling weight required is that sufficient to 
balance the chain. Where working with a single chain, by 
]>lacing the handle of the controlling valve in a different posi- 
tion, the water already in the engine cylinders is allowed to 
circulate and acts as a water brake, the overhauling weight 
being sufficient to turn the movable paints. 

A series of jointed pipes allows a convenient amount of move- 
ment of the apparatus without disconnection with the pressure 
main, the exhaust water being led back to the return main 
through a length of hose. The brake is added as an additional 
]) recall tion to be worked by a handle, and is powerful enough 
to hold the engine with the pressure on, while it enables the 
apparatus being used without the engine as a lowering jigger. 
The machine takes the place of fixed cranes in discharging 
vessels, and can, if desired, be placed on the deck. It is also 
used by builders and contractors in towms where a sufficient 
pressure of water exists. A very high speed of working is 
obtained, and the height of lift is practically unlimited. 

Post Cranes for Railway Work. 

The details of the jibs are much the same as before described, 
but the working cylinders are fixed in the hollow posts, which 
are usually made of wrought iron, and square. Drawing No. 8 
shows this crane in detail For light weights no swinging 
gear is attached. They are very useful cranes, rap^d in work- 
ing, and easily controlled. 
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Special arrangements are made, as shown in Drawing No. 1), 
where the ram cylinder forms part of the post. The crane is 
swung by the usual separate cylinder. These cranes are veiy 
handy where the weight and height to be lifted are about the 
same. In many cases, especially when the weights are light, 
no swinging gear is attached, this operation being easily done 
by hand. The valve gear for both these cranes is of the usual 
type. 

Warehouse Cranes. 

The jibs consist of two wrought-iron slabs with cast-iron 
distance pieces between. The jib-head carries a grooved 
wheel ; the chain passes from the cylinders through the foot 
and up the hollow post of jib, to this pulley. The hook is 
made with a safety spring, and near this is fixed a cast-iron 
ball sufficiently heavy to run out the chain. 

The jib is carried on a cast-iron plate, well bolted to the 
walls, with top and bottom bearings for fche jib to work in. 
Pipes should be carried from inside the building to the bearings, 
for the purj)Ose of oiling. 

Worlcing Cylinders , — These arc the same as described for 
the wharf cranes, except that the cylinders are usually fixed 
vertical on the inner wall of the building, and in most cases, 
only one lifting cylinder is used, the cranes raising a certain 
maximum load, separate cranes being fixed where requiied 
to take the heavy loads. The valve boxes and levers aie 
same as before described. Separate cylinders are used for 
swinging the jib, applied in same way as the wharf cranes. 

Johnson and Ellington’s Patent Double-Power 
Hydraulic Crane. 

Plate 10 shows a form of double-power crane which is 
in extensive use and merits notice. A single sheave is 
mounted on the head of the ram working in the cylinder, and 
the ends of the chain passing over the sheave are attached to 
smaller sheaves, one on the one side and two on the other. 
Either of these sheaves can be locked so as to form the fixed 
end of th^ chain passing over the ram. When one end is 
fixed the crane will lift a greater load than when the other is 
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fixed. An ordinary hydraulic crane, constructed to lift 25 
hundredweight 40 feet, would for each lift use the same 
quantity of water, whether the load were 25 or 10 hundred- 
weight; but in this crane, with the same size of ram, it 
would only make half the stroke, using half the water, when 
lifting the lighter load. 

It is specially adapted for working high warehouses where 
the loads vary, as, without increasing the size of the apparatus, 
a 10 or 15 hundredweight crane is made to lift 20 or 30 
hundredweight half the height. In cases where heavy goods 
are landed on to a quay, and light goods only warehoused in 
the top floors, the saving effected by this system is very great ; 
and the lighter loads can be lifted at an increased speed. 
Between sixty and seventy lifts per hour is an ordinary speed 
of lifting. 


Thornton's Double-Chain Sack Hoist. 

Drawing No. 11 shows an improved sack hoist fixed in the 
roof timbers of the building, and arranged for one chain to 
lower while the other is hoisting. There are two hydraulic 
cylinders and rams with chains led over miiltijdying slieave 
on the ram-head and corresponding sheaves on the cylinder 
end, and on to a cliain wheel which, in its turn, actuates the 
two winding drums. Tlie working valve is arranged to open 
each cylinder alternately to the })ressure and exhaust, thus 
raising and lowering each chain. With one of these hoists as 
much as 1400 quarters of grain have been stored in a ware- 
house sixty feet high in ten hours. 

Coal Lifting. 

The cranes usually have a radius of 21 feet, and lift, about 
40 feet, a coal bucket containing 3 5 hundredweight at each 
lift. At the large floating vessel belonging to Messrs. Come 
and Co., the average annual work is equal to 1^ millions of 
tons, from, say, 1800 ships; the maximum in one week being 
53 ships, discharging 47,100 tons of coal. 

Three cranes will discharge a ship of 900 tons of gas coal 
in hours. 

On one occasion 872| tons were cleared in 4| hours, equal 
to 01 i tons per crane per hour, delivered and weighed. 
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At another time one crane discharged 4*80 tons of coal in 
hours, equal to 58^ tons per hour. Another 64 tons in 51) 
minutes, equal to 65 tons per hour. 

The author believes the above work is the largest amount 
ever done by hydraulic cranes for this class of work. 

These cranes multiply 8 to 1, and give a high working 
result. 

The coal skips used are 3 feet 6 inches in diameter, by 
3 feet 3 inches deep, and hold 14| to 15 hundredweight, ac- 
cording to the kind of coal. 

The cranes are tested once per month, and kept in proper 
working order. 

Cost of working the machinery, including maintenance, re- 
pairs, but exclusive of interest and the men in the '"hold,” is 
about Id. per ton lifted ; taking all expenses, the cost may be 
put at 2d to 2Jd per ton. 

The cranes iveigh at the same time as lifting. The machines 
for this purpose arc tested by the meters once per month. 

The above data as to amount of work done will only apply 
to places of like magnitude. 

Capstans. 

These useful apparatus are shown in the Drawing No. 12. 
They consist of two or three hydraulic cylinders with ram 
pistons working direct on one crank shaft. They ai-e fixed 
immediately under the capstan-head, to which they give 
motion. The valve gear and levers are of much the same 
construction as the cranes, and are fixed in a convenient place. 
Guide pulleys are fixed at various spots, so as to be able to 
draw the trucks in any direction. Some discussion has taken 
jJacc as to the shape of the “ head ; '' the author considers it 
is advisable to use them with a slight taper only. 

Brotherhood’s Patent Three -Cylinder Hydraulic 
Capstan. — The three-cylinder capstan shown on Drawing 
No. 13 is one of the best applications of Brotherhood’s engine, 
and the capstan itself is worth notice, as it was the first con- 
structed in which the engine and capstan were made self- 
contained on one bed-plate. The engine is coupled direct to 
the capstan-head. 

An important feature of three-cylinder single-acting engines 
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is that the moving parts are only subjected to strain in one 
direction, and in the Brotherhood engine advantage is taken 
of this in a particularly neat arrangement of the connecting 
rods, which all work on one crank pin, and are always in 
compression. 

The simplicity of the constniction of this capstan is shown 
by the fact that it can be taken to pieces and put together 
again in less than half an hour. 

Capstans are largely used by the railway companies and 
others for hauling wagons in the goods yards, and a train of 
12 to 20 loaded wagons can be drawn by a single capstan. 
The controlling valve is actuated by a treadle. 

The engine working direct on to the capstan, as in Brother- 
hood’s, reduces friction to a minimum, and the absence of 
gearing and alternate strains renders a breakdown a very rare 
occurrence. 

The use of capstans ought to become general in private 
works, the cost is not half that of horse work, and when 
hydraulic power is otherwise used the first cost is not high. 

In cases where it is undesirable or difficult to construct a 
pit (generally about four feet deep) under the capstan. Mi’. 
Ellington has introduced an improvement by which the 
capstan is lifted bodily about two feet above ground without 
breaking any pipe joints, thus giving access to the working 
parts, while the working of the engine can be tested in its 
raised position (see Drawing No. 14). 

Swinging Dock Gates. 

Hydraulic apparatus as before described is used for this 
purpose, with chain gear from same to open the gates, as 
shown in Drawing No. 15. The work is done by a small 
hydraulic engine, with barrel to coil the chain on, somewhat 
similar to the engines used for capstans described above. The 
details of the apparatus vary to suit special cases. The three- 
cylinder engine is very suitable for such purposes. 
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CHAPTER IV. 

SWINGING APPARATUS FOR BRIDGES. 

For heavy iron bridges a very useful application of hydraulic 
y)Ower is made. The pin upon which the bridge turns is raised 
by hydraulic power to take the pressure ofi* the rollers and 
leave all perfectly free. Hydraulic cylinders with chains and 
wheel, same as for the cranes, are used for working, or small 
hydraulic engines with wheel and rack gear fixed to the under 
side of the bridge. When the weight of the bridge is con- 
siderable, the whole weight is not taken off the centre, on 
account of dangerous oscillation ; usually about two-thirds is 
taken, leaving one-third on the rollers. 

The largest bridge of this kind is the one across the Tyno 
at Newcastle ; it is about 280 feet long and weighs upwards of 
1200 tons. The author has seen this bridge swung open, 
allowing one vessel to pass, and close again in three minutes 
with the greatest ease. 

Turn-Tables for Railways. 

Hydraulic power is applied to these in much the same way 
as above. The turn-tables can either be worked by cylinders 
as before described, or by the small hydraulic engines working 
in a rack or wheel fixed to the centre pin. They are much to 
be recommended, as at nearly all large railways hydraulic 
power is available. 


Hydraulic Hoists. 

Wagon Hoists are used at the various railway dep6ts and 
other places (see Drawing No. 16). They consist of a platform 
about 22 feet by 9 feet, capable of taking a loaded truck. The 
table is constructed of wrought iron, powerfully framed with 
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4-inch timber platform, on which are fixed the rails for the 
trucks to run on. At the top of table are fixed vertical trough 
irons to form guid(5S, and at the top a cross girder; the chain 
is attached to this, and passes to the counter-balance. The 
vertical irons are stayed diagonally. 

A ram 9 inches diameter by 20 to 25 feet stroke, equal to 
the height to be raised, is securely fixed to the lower part 
of the iron framing of tlie platfonn. This ram works in a 
cylinder with a bored liead, and provided with leather collar 
packing ; this is sunk in the ground. The table is guided at 
the sides by cast-iron ))lane<l bars fixed to strong timbers. 

The valve g(‘ar is inuch the same as for the cranes. Self- 
acting stopping gear top and bottom is provided in all cases. 
(Jenerally these lifts are fitted with an extra small ram and 
cylinder, by which means part of the water is saved when 
the table d(*HCt‘iids, the small ram Ixdug used also to take up 
the empty tables 

The load raised is about 15 to 10 tons; tlie juvssure usually 
employed is 700 to 750 lbs. per .squar(‘ inch. 

Lkuit TurcK Hoists. — A modification of the a])ove is also 
used in warehouses and factories to carry uj) light trucks con- 
taining goods, and whei’o the m eights are light ; the rams are 
small in diami*ter; to give* th(‘m sullieiont strengtli, they are 
iiiado of solhl wrought iron or steel. (V>unter-balances in these 
cas(»s an‘ not generally used when lieavy pnsNSure is at hand. 

Tluj valve motion is of a very simj)le kind. The table or 
platform is made of wrouglit iron, witli liard wood toj>. Self- 
acting stopping gear Is atttiched to stop the lift at top and 
bottom, to ])reveiit accidents. 
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CHAPTER V. 

ITYDUArLK^ CANAL UOAT LIFT. 

TrrF aiiilior lu'ro i^ivcs (s(Ui Drawing No. 17) a (Icsci-ij^iion 
of the lift at Andorton, on the river Weaver, designed by 
Mr. Edwin (1arlc M.l C.E. 

The dillen^net* of hoiglit between the river and the canal at 
this j)oint was 50 fe(‘t 4 inches. The lift was designed to raise 
the barg(‘s direct thiongh this height, and save expense and 
time of passing throngli lochs. 

Tlu‘re are two lifts; the barges are rais(‘d and lowered when 
floating in a trotigli of wabn’, it }»eing arranged that the 
barges <lesc(‘nding in one lift should h(‘l}) to raisi‘ the ]>argi‘s in 
the othiU' lift. TIk' siz<i of tlussc* troughs is 15 f(‘et (> indues by 
75 fe(‘t long ; tiny will hold eitlnu* one of the largest or two of 
tlu‘ small onlinarv barg(‘s : tlu‘se latbu* will carry, say, 40 tons, 
and the larg(*st 100 tons. The si<les of tlje troughs are 
wrought Ji’on, 0 fe(‘t 0 inches de(*j) at ccuitrcs and 7 ft‘et 
0 inelh's at t]»e ends. The d(‘ptli of water in the troughs is 
5 feet. 

At' each end of the trouglis there are lifting gat(‘S, and 
syphons at th(^ side to regulate the <lepth of water ixsjuiriid. 

Each rain is .‘10 inches in diameter ; of cast iron, in three 
lengths, bolted togethcu-. 

Weight of each trough, with the water and barg(‘S, ccpials 
2 to tons, or a j)ressure of 42 hundredweight per sc piare inch 
on the ram. 

The details of the ram and cylinders are the same as the 
or<l inary hydraulic lifts for heavy j)ressures. 

The well cylinders are 5 feet (i inches in diameter. 

The accumulator to work the lift has a ram 1 foot 0 
inches in diameter, by 13 feet C inches stroke, and has a 

C 
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capacity equal to one of the main rams for a stroke of 4 feet 
6 inches. 

The two rams are in communication by a 6-inch pip© 
fitted with an equilibrium valve for opening and closing com- 
munication between them. The pipe from the accumulator 
to the ram is 4 inches in diameter. 

The weight of each trough, etc., is the same when the same 
depth of water is in each. Suppose the heavier one descend- 
ing with, say, 6 feet of water against 4 feet C inches in the 
ascending trough, the valve between the rams being opened, 
the lighter one will be raised to within, say, 4 or 5 feet of 
the top. The rest of the lift is done by the accumulator. 

It is essential that the depth of water in the ascending 
trough should never be more than 4 feet 6 inches, the extra 
water being drawn off by the syphons ; there are twelve of 
these to each trough. 

About of the entire lift is done by taking a layer of 
water C inches deep out of the ascend wg trough ; this is about 
16 tons. The to complete the lift is performed by the 
accumulator. 

Each ram and cylinder, with its trough, is in turn an 
accumulator to tlie other, and does its own work in lifting and 
lowering. 

Time. — The lift will take up and bring down two barges 
in eight minutes. Had this been done by a series of locks, it 
would take hour to IJ hour for each barge to pass through. 

Each trough can be lifted separately by the engine and 
accumulator. This is a slow operation, and takes half an 
hour. 

The lift is capable of transferring sixteen barges per hour — 
eight up and eight down. 

The barges can be raised the whole height, equal to 50 feet 
6 inches, in three minutes. 

In the event of one ram and trough only being used, viz. 
a single in lieu of a double lift, a much larger pumping engine 
and machinery would be required. 

The details of the guides, valves, etc., are much the same as 
for heavy hydraulic hoists. 

The advantage possessed by this apparatus over locks, is the 
small amount of water used, and the time saved. * 

Staff of men required, five. Total working expenses, £10 
weekly. 



HYJ)IiAULIC CANAIi BOAT LIFT. 


19 


The total cost of the lift work was X29,4C3. The work was 
done in 1872, when iron was much higher than at present; and 
with many modifications that would be made in one at the 
present time (1881), it would cost considerably loss. 

The above apparatus is a most ingenious ap})lication of 
hydraulic power. The designer has stated that ho would 
another time use a single ram and trough, worked by a largo 
accumulator ; J of the cost would be saved, and as much work 
done per day as with the double lift. 
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CHAPTER VI. 

HYDRAULIC HIGH-PRESSURE LIFTS AND HOISTS. 

Lifts for Passengers, for Hotels, etc. (Drawing No. 18). 

When worked on the high-pressnre plan, they consist of a 
long cylinder sunk in the ground, with a rain working in 
same, having a stroke equal to the whole height to be lifted. 
To the top of the ram the cage or ascending room is attached. 
This room is formed of strong iron framing well braced to- 
gether, with an iron roof, to prevent accident from weights 
falling on top of same. The floor is of wood, and the sides are 
wood lined. 

Two cast-iron guide bars, planed, are fixed to stone tem- 
plates built in the walls; and four nibbing guides, lined with 
gun-metal, are fixed to the cage at the top and bottom. The 
bars should bo set dead ])lumb, and the rubbers should have 
no side ))lay. For heavy pressures of water this class of lifts 
does not re({uire any counter-l)alances. In other respects they 
are the same as the low-pressure lifts, described more in detail 
at p. 36. 

The valve box is fixed in the basement, with an endless 
rope passing through the cage to work same. Self-acting 
stopping gear is made to stop the lift top and bottom. Special 
appliances are also provided to save accident from any cause. 

These lifts, being direct-acting, have no gear of any •kind 
overhead. They are absolutely safe, noiseless in action, and can 
be worked with great ease. They are, however, only applicable 
where an accumulator is used, and, on account of the heavy 
first cost, this is not often adopted when one lift only is required. 

Goods and Luggage Lifts. 

These are usually worked by short-stroke cylinders, fixed 
either vertically or horizontally, as desciibed at p. 7, and 
shown in Drawing No. 4. 
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The cages are made of iron, with wood floors, and are fitted 
with an endless rope passing through same to the valves. 

Self-stopping gear is also fixed to prevent accident. When 
heavy pressure of water is used, counter-balances are not re- 
(j[uired. The guide bars in this case are usually T iron, fixed 
to timbers or direct to the walls of the building. Safety gear 
is fixed to the top of cage to save accident in case of the 
chain breaking ; it is advisable to have the top of cage made 
of wrought iron, the same as the last. 

This class of lifts arc not suitable for passengei*s, on account 
of the unavoidable risk that always attends the use of chains, 
ropes, etc. The author recommends the long ram lifts in all 
cases for passengers, as the only kind in which perfect seewritg 
can bo obtained. 

Railway Platforms (Movable). 

Hydraulic power is used for working the above. One 
of this class of apparatus has been at work daily at the 
Paddington Station of the Great Wt‘stern Railway for some 
years. Tim platform, when not rccpiired, is run iinder the 
main platform. Others have been fixed since the above ; the 
ju’inciple is, however, the same. They are very useful where 
an occasional communication is rec^uired transversely with a 
central j>latform at a terminus. When not wanted, they are 
<lravvn under the main longitudinal platform. 

CVml-Loading Apparatus (Drawing No. 19), 

Fur loading coals from trucks into shii)s at the river-side. 

Tlie trucks are run on to a “ lift ” table, or platform. The 
truck is raised by a ram, working in a cylinder. When 
hoisted to the recpiired height, the truck is tij)ped by a small 
hydiaulic ram, fitted with truimions, and the contents shot out 
of the truck down the iron shoot, into the ship’s hold. A pair 
of doors is fixe<l across the mouth of the shoot io control the 
flow of the coal, and stop it when required. 

An hydraulic crane of same type as befiirc described is u sed 
to form a conical heap of coals, to save breaking the coal in 
dischargiag into the ship, sufficient being lowered in buckets 
taken from the mouth of the shoot, to effect this. 
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CHAPTER vn. 

CLABK AND STANDFIELD’s SPECIAL HYDIUULIC APPARATUS. 

In addition to the hydraulic canal lift, already described, 
and shown in Drawing No. 17, designed by Mr. Edwin Clark, 
there are several other ingenious applications of hydraulic 
power to special cases that merit notice here. To make the 
matter more clear, the author has devoted a special chapter 
to these, and described the various apparatus in detail. 

Messrs. Clai'k and Standfield have had very largo experience 
in this class of apparatus. The author considers most of the 
special hydraulic machinery he is now about to describe to bo 
unique of its kind ; and that the detailed description wDl be 
acceptable to his readers. A short description is given in 
each case, sufficient to explain the general system. More 
minute detail could not be entered into, being beyond the 
scope of the work, and forming, as it would, a book in itself. 

The designers of the machinery described in this chai)ter 
have the merit ot working in a new field, and have carried out 
some stupendous works in a very ingenious and highly satis- 
factory manner. 

Differential Hydraulic Apparatus, 

By which any two weights, balanced hydraulically, may bo 
made to ascend and descend at will by opening or closing 
a valve. 

Let any two equal or xmequal w’^eights be supported on 
hydraulic presses, and the siise and number of the presses so 
adjusted tliat the weights ai*e in equilibrium, or rather, that 
one of them slightly preponderates. If we suppose the lighter 
of the two weights supported on three (or more) pi^esses, and 
one of these presses be shut off, so that the weight rests only 
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on two presses, the result will be that the weight will now 
descend. On opening the communication with the third j)ivss 
it will again ascend, and this may be repeated at will, only a 
press full of water being wasted at each stroke. As tlio third 
press may be of very small size, and the waste of water may 
be supplied from an accumulator, this forms a very con- 
venient movement for the raising and lowering of guns, as 
shown at Drawing No. 20, or for similar purposes, such as lift- 
bridges, etc. 

The accumulator is constructed with three presses, A', B', A', 
and three plungers. A, B, A. They are loaded with the weight, 
W, which is adjusted to balance the gun, G, supported on the 
press. O', and its ram, 0. The plungers, A A, are of such di- 
mensions that, when loaded with the weiglit, W, and coniK'cted 
jointly with the ram, C, they just balance the weight of the 
gun G, which is therefore free to be raised or lowered without 
any power except that necessary to overcome friction. Wlien 
this equilibrium is obtained, a small additional weight, W', is 
added on the accumulator, which consequently d(\scends, and 
elevates the gun, G, to its full lieiglit. All this time the 
plunger, B, is out of action, and is merely connect(‘d by a j)ij )0 
with the supply reservoir. If it be desired to cause the gun to 
descend, the tap, D, in connection with the small ])lunger, B, is 
opened, so as to place all three ])lungers in coinmunicatiou. 
The pressure being now distributed over all three plungers 
instead of only two, causes the weight, W, to ascend, and the 
gun, G, to descend. If it be again re([uired to raise the gun, 
G, it is only necessary to close the tap, D, and the weight of 
the accumulator coming only on the two plungers, A A, again 
causes the gun to ascend as before ; the water under the small 
plunger, B, being, as before, allowed to return into the su}>ply 
reservoir. In this way the gun, G, may be raised and lowered 
at })leasure by turning the tap, D, and the only power wasted 
is that of the small plunger, B, which is made of such size as 
to be just sufficient to overcome the necessaiy friction. It is 
evident that the same effect of obtaining a slight variation of 
pressure in the accumulator may bo produced by either 
allowing the weight, W', to rest on the weight, W, or holding it 
off therefrom; and this may be done in many ways. For 
example, it may be effected by the central plunger, in the 
manner indicated by the dotted lines, X. Thus, if water under 
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pressure is introduced below the central plunger, and the 
weight, W', raised, the gun will descend ; but if the weight, W', 
is allowed to rest upon the weight, W, the accumulator will 
descend, and the gun again rise. 

It is obvious that, by the arrangement described above, 
there need be no waste of power except such as may be just 
sufficient to overcome the friction of the leathers, etc., and one 
accumulator may be made to operate all the guns in a large 
fort. 

In a second arrangein(*nt, they support a weighted accumu- 
lator, not on a single press, as is ordinarily the case, but on a 
grou]) of tliree, four, six, or more presses, with a suitable 
arrangement of valves for throwing any one or more of them 
out of action. Let us suppose the object to be lifted to bo 
a bridge or an ascending platform, with a varying load of 
vehicles or peojde ; the accumulator is so weighted tliat when 
all the ]>resses are in action, the platform slightly preponderates, 
and descends. If it be desired to raise it, one oidy of the 
presses is thrown out of action ; the accumulator, now ivsting 
on fewer j)ress('s, (‘xerts a greater pressure, and the platform 
conseipiently ascends. If tlie load be a heavy one, more of 
the press(‘s are successively thrown out of action, until the 
weight of the accumulator, resting on a smaller number of 
press(*s, or it may be on only one remauiing press, exerts 
sufficient pressure to raise the jdatform and its load, liy this 
way very little ])ower is wasted, as the (piantity of water 
consumed at each lift is adjusted to the loa<l to be laised. 
But there is still further gain to be obtained by employing a 
similar grouj) of ])i*esses under the platform itself In this case, 
if the load be a heavy one, it will drive back the water from a 
certain num])er of presses into the accumulator under f\ill 
pressure, where it will be available for another ascent, and the 
greater tlie descending load, the greater will be the number of 
presses which will be enabled to return their j)ower to the 
iiccumulator, the others discharging their water to waste. 
This system is ])arlieulaily a])2dieable to the case of ascending 
and descending jilatfoniis at railway stations, or at a high- 
level bridge, where the load, be it of men or of vehicles, is very 
valuable. By this means a large proportion of the power 
used in raising the vehicles at one end of the bridge is after- 
wards restored to the accumulators by their descent at the 
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other end. The same system, when apj)lied to hydraulic cranes 
for the lifting of variable loads, enables the i)owor to bo 
increased two, three, four, or six times at pleasure. 

Messrs. Clark and Standfield employ a somewhat similar 
arrangement to ensure that any load, such as a shij), or 
bridge, or a canal lift, when lifted by the simultaneous action 
of two or several presses, shall remain horizontal at all times. 
This is cfiected in the following manner: — Whatever be tlie 
number of presses supi)orting the bridge or other object to be 
raised or lowered, the same number of ])resses are grouped 
together under a single accumulator of the same weight as tlio 
load to be lifte(b Thus, in a bridge, there might be two presses 
under each end of the bridge. These four presses would he 
connected separately to four similar C()rresj)onding presses 
under one and the same weighted accumulator. 13y this 
arrangement, whatever be the inecpiality of the weight of the* 
bridge, a })erfectly uniform movement is secured in each of the 
four groups of presses, and the bridge must at all four eoriu'rs 
asccind and descend with the same velocity, and j)i*eserve its 
horizontal position at all points of its ascent or dc‘scent. This 
is shown in Drawings Nos. 21 and 22. This arrang(‘ment is 
eminently suitable for transferring railway trains, either with 
or without their locomotives, fi*om a low to a high levi*l, or 
vice verm, and for surmounting abrupt prominences wluTe 
inclined planes would be very costly in construction and 
ex])ensive in working. 

'Tile compensation is effected by a fixed syphon, S, 8up]>ort<‘d 
by the tank, T. The accumulator, in addition to its weiglited 
load, W, carries a compensating water-tank, M, which rises 
and descends with it. 'The syphon, H, dips into this tank, and 
as it descends, the tank becomes fillecl with water and its 
weight increased; and when it asc(‘nds, the water flows hack 
again through the syiihon, S, and the h^ad is diminish(*d so 
as to preserve the equilibrium at all j)oints of the st)‘ok(‘. 
If (I be the area of the plungers, i the area of the tank, 
and m the area of the compensating tank, the pi’o[>cr size 
for this tank, when adjusted for perfect eejuilibrium, will be 

= 2a + (2a x 

V 

The accufiiulator shown in Drawing No. 22 is formed with 
several plungers combined into a group, so that when it is desir- 
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ablo to cause several rams to ascend at the same time through 
equal distances, as in the case of lifting the two ends of a 
bridge or a canal lift, a railway train or gun platform, the 
several rams employed may be supplied with water under 
pressure from separate plungers, and all the rams be thereby 
caused to ascend through uniform distances, a, h, €, d, and f 
are the six rams and plungers of the accumulator. Four of 
the plungers, a, h, e, d, are connected respectively by pipes 
with four hydraulic presses at the corners of the bridges, and 
the accumulators are so loaded as to descend and to raise the 
bridge when the weight rests on these four plungers only ; 
c and / are used for lowering the bridge, and whenever they 
are placed in connection with the other four plungers, the 
accumulator rises and the bridge descends. 

On the other hand, when the communication with the two 
presses, c and /, is cut oft* the whole weight of the accumulator 
comes on a, b, e, d ; the four plungei*s descend, and the bridge is 
raised. Since these four plungers are all independent, and are 
connected independently to the four presses at the corners of the 
bridge, all four corners must rise at exactly the same speed and 
to the same level. When a vessel desires to pass, the bridge 
is either submerged under water to a sufficient depth to allow 
the vessel to pass over it, or lifted into the air sufficiently high 
for the vessel to pass beneath it. In a similar way, a train or 
gun platform may be raised and lowered by two or more rams 
supplied with water under pressure from separate cylinders of 
an accumulator such as above described, and thereby ensure 
the i-aising and lowering of the platform in a horizontal 
position. 

Hydiuultc Wagon Hoist (Drawing No. 23). 

This is designed by Messrs. Clark and Standfield, for 
raising railway wagons from a lower to a higher level, for 
contractors* purposes. It is w’^orked by an accumulator 
capable of lifting one, two, or more wagons at each lift, to 
a height of 30 or 40 feet, and is calculated to effect a great 
saving in time and hoi*se power. The accumulator may be 
the same as shown at Drawing No. 22. The press is 
shown at A B, at an angle of 45 degrees. WheneAger C carries 
a wagon, D, or other load, it may be raised up to a higher 
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level at E, where the wagon is removed and replaced by an 
empty wagon, which descends to a lower level; the power 
used in raising the platform and empty wagon being again 
given back to the accumulator as they descend. The accumu- 
lator is so arranged as to have different powers. Thus, 
when all six presses are connected with the empty platform, 
it descends ; if two of these presses be cut off, and the 
weight of the accumulator bo allowed to rest on the re- 
maining four, the pressure is sufficient to raise the platform 
with the ordinary load ; if three of the presses, rf./, h (Draw- 
ing No. 22) are shut off, and the weight allowed to remain 
on the remaining three, it will raise a wagon with a heavier 
load ; and if four of the presses are shut off, a, h, d, r, and tlio 
weight of the accumulator allowed to rest on the reniaining 
two presses, it will be in a position to lift the h(‘aviest load ; 
and all these changes may be made on the instant l>y opt'iiing 
the valves ff, g. 

Hydraulic Grid (Drawings Nos. 24, 25, 2G). 

Messrs. Clark and Standfield have had large ex])erience in 
hydraulic machinery for raising of vessels, and have introduced 
an hydraulic apparatus for docking vessels, which is csj)ccially 
suitable for the shores of tidal waters. In this grid, tlie 
presses are placed directly beneath the vessel, wherc'as in tlie 
ordinary hydraulic lifts the vessel is su]>))orted on girdei’S. 
The economy effected by this and other arrangements is such 
that the designers estimate the cost of such docks as not 
exceeding, under favourable circumstances, about £5 per ton 
weight of vessel lifted, which is very greatly less than the 
cost of any other dock whatever. 

Drawing No. 24 shows an end elevation of the grid, with a 
vessel raised upon it. A A arc the presses, B B the rams, 

C C the pontoon or gidd. In Drawing No. 2G the giid is shown 
in plan, with the skin-plate removed to show the construction, 
and with the outline of a vessel dotted uj>on it. The back 
bone is there shown as consisting of two parallel wrought- 
iron girders the whole length of the dock ; there are also on 
each side an intermiediate longitudinal girder and an outside 
girder. The|je are crossed at a right angle by a number of 
transverse girders, or ribs. Five of these transverse girders 
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This canal lift has all the latest improvements, and is 
remarkable for the large size of the hydraulic rams, which are 
6 feet 7 inches in diameter, and have a stroke of about 45 feet. 
In this lift the varying weight of the water in the presses is 
perfectly compensated in every position, and there is loss of 
neither water nor power beyond that necessary to overcome 
the friction of the leathers and guides. 

Comparing this arrangement with that at Anderton, de- 
scribed at p. 16, the loss of water is in the ratio of 1 inch to 5 feet, 
that is, ; and by comparison with an ordinary lock, the loss of 
water is only as 1 inch to 45 feet, that is, less than ; — of 
course, the area is assumed to be the same in each case. An 
important point to notice is that, when loaded barges are 
descending and empty ones going up, a volume of water equal 
to the difference between the weights of the ascending and 
descending barges is raised and passed into the upper canal 

Besides a second series of lifts which have been designed 
for the French Government, two scries of lifts of somewhat 
similar dimensions have been designed for the Belgian Govern- 
ment, the first of which obtained the Government prize awarded 
after public competition. This series of lifts was designed 
for passing a canal over a range of hills between Charleroy 
and Brussels, where water is not obtainable. In fact, this 
important feature of the hydraulic canal lifts enables the 
engineer to carry canals over dry table-lands, where there is no 
water supply, and where canals with locks would be imprac- 
ticable. It will also render the construction of canals possible 
in many districts, and much saving will be effected in the con- 
struction of locks, and saving of time in transit of the barges 
as well as the saving in water. 

In describing these canal lifts, the author believes he has 
brought to the notice of many engineers and others a most 
ingenious application of hydraulic power which is very little 
known. Ho, however, believes there is a grand future before it, 
and too much praise cannot be given to the designers of such 
powerful appamtus. 
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CHAPTER VIII. 

GENERAL REMARKS AS TO DETAILS. 

There are many other cases in which higli -pressure liydraiilic 
machinery can be usefully employed, such as for corn ware- 
housing, applications to gunnery, opening of sluices, working 
large wharf shear-legs, etc. In nearly all these cases the 
machinery is of a very special kind; it is seldom required, 
and as the description would take up too much space here, 
further detail has not been entered into. 

The following details and data refer to the machinery 
described in the previous pages. 

Valves. — Slide valves are not usually so good as mitre 
valves ; when, however, they are used, the pressure port should 
be made V-shape, to allow the power to be api>lied gradually. 
The valves and faces must be gun-metal, and the work must 
be of the best kind. To relieve the heavy pressure on back 
of the valve, a balanced valve is sometimes employed with 
advantage. No sharp bends should be allowed, either in the 
passages of the valve boxes or in the pipe connections leading 
to and from same. 

The size of the pipes must be carefully proportioned to save 
undue friction. No rule can be given for this, as it much d<^- 
pends upon the pressure used and the circumstances of the case. 

Skips for unloading coals, sand, etc., may be made of steel 
plates, and usually hold from 7 hundredweight up to 15 
hundredweight. Where one or two cranes are used, the author 
recommends. 7-hundredweight skips, and two for each crane ; 
they should be mounted on three swivel wheels, running on 
steel pins. 

Chains should be carefully examined once per week, and 
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changed once per month. Several spare chains should be kept 
in case of emergency. Only the best short-link tested chain 
should be used. 

Pipes. — A ll outside arc usually carrried underground in 
close trenches, and must be well protected from any chance 
of injury. Those passing through warehouses should be carried 
on brackets, and be provided with small cocks at various points 
to drain same in case of frost; they should also be protected by 
clothing from the effects of the weather. Valves should be 
placed at suitable points to sliut off the water when not re- 
quired in certain directions, and also for closing in case of 
fractures to save stoppage to the whole length of the main. 

Water used for hydraulic apparatus must be clean, and 
should in most instances be drawn from a tank. All gritty 
matter will sink to the bottom. The suction j)ipc is placed, say, 
one foot or more from the bottom of the tank, to ])revent any 
dirt being pumj)ed and ])assi‘d through the machinery. In all 
cases the tanks should be closely cov(‘r(‘d, as before stated. 

Quantity of water used by 30-liundred weight to 35- 
liundrcdw(‘ight crane to lift goods from the hold of a ship to 
the whaif lev(‘l (allowing for the bulw^arks of the shi])), is about 
01 to 10 gallons; and to lift the enqdy chain from the wharf 
and n*ady to swing over the vessel, say, 01 gallons; or, say, 
1() to 101 gallons for total lifting exclusive of swinging. 

Cost of Pumpini; Water under Pressure — Taking a 
pressure of 750 ])ounds per scpiare inch to be the usual maxi- 
mum used, th(‘, cost is about 10.s'. per 1000 gallons when pumped 
upon a laigc' scale, such as at docks, etc. ; when only for thiee 
or four cranes, say, 12.s*. to 14,s*. per 1000 galhms. 

All expenses are taken into account— fuel, w^ages, repairs, 
and superintendence ; interest on ca}>ital, and every vrorking 
expense. 

Cost of lifting by hydraulic power may be taken at 
per 100 f(»ot-tons. This is an average taken from the returns of 
seven large places; 15 percent, is allowed in the above amount 
for interest and dejweciation. 

The above supposes the cranes in constant work. It would 
be safe to take, say, to 3<?. per 100 foot-tons for ordinary 
work, and for small places a much higher rate. 
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Speed of Lifting. — 30-hundredweight hoists and cranes, 
4 feet to 6 feet per second ; wagon hoists (13 to 14 ton trucks), 
say, 22 feet in 15 seconds. One 30-hundredweight crane can 
discharge from a ship to wharf level in eight hours, 460 to 470 
tons. Bags of seed can be lifted and warehoused 560 tons 
75 feet high in eight hours. 

Tomparison of Cost with Hand Power. — The average 
working of hand-power cranes n*(juires eight men at the 
}i, indies to lift 10 hundreilweight working 20 sets per hour, or 
10 tons raised 40 fei‘t, at a cost for labour of 2s. Hd. per hour. 
r>y the hydraulic cranes, one man at 4(i. per hour — 36 lifts of 
15 bundled W(‘iglit each made per hour; or 27 ions 40 feet 
high, at a cost of 4d. 

Hand power, say, 3](7. to 4d. per ton ; hydraulic, {d. per ton 
for labour. 

Tie*' above is an average taken at one of the large London 
wharves. 


General Remarks. 

High-})ressure hydraulic machinery can be most usefully 
ami ee(UJomically employed at railway depOts, large docks, 
wlmrv(*s, and \\areho\ises, and especially wljere a number of 
cranes, etc., have to be worked at somt^ distance from the 
}»ower. In the case of <loekH and warehouses, this enables the 
jiroprietor.s to have the engines and boilers at one spot, in a 
tiie-proof building, if necessary, and where one set of men can 
attend to the whole of the boilers and ])umping machinery 
aetuating tli(‘ accumulators. 

Where hydraulic machinery is used, the fire companies do 
not increase the rates of insurance ; the danger of explosion 
from several boilers (which would be necessary for steam 
j»owerj is avoided; and wherever extra crane.s are required, 
an attachment can be made to the main pipe with small 
outlay. 

Hydraulic cranes are well under control ; in fact, all hy- 
draulic apparatus has had such careful attention from several 
designers and makers, that the author considers such apparatus 
are more easily and safely controlled than any other class of 

D 
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lifting apparatus in use, and he also believes can be more safely 
and expeditiously worked. 

One great advantage of hydraulic machinery is that no wear 
and tear takes place when the cranes and lifting machinery 
are out of action — the power at this time is stored up ready 
for the next time of working. This is a great consideration 
at a dock or wharf, and other large places of like kind, where 
the work is intcrmitt(mt ; the cranes can be started at any 
time, and arc ready to raise their maximum load. 
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CHAPTER IX. 

HYDRAULIC LOW-PRESSURE LIFTING MACHINERY. 

I’ II IS class of hydraulic machinery i.s worked on several plans, 
\ iz. : 

1. By hearl of water from a tank fixed at the highest j)oint 
of a huilding. 

2. AVlierc the water companies and town corporations will 
allow it, pressiin' is taken from the mains, and the (‘Xj)(‘nse of 
the tank is savi'd. This is not, how(‘vtT, always advisahh*, as 
in case of any acoidi'iit at the water works, or any unusual 
dmnand ujifm the mains, sufiicient pressure cannot he obtaiiieil 
to work the lifts. 

Jl. Where sev<*ra] short-strok(‘ lifts or cranes liavo to ho 
worked, an air v(‘ssel may he advantag(‘Ously us(‘d ; w^ater is 
])um]><‘d into same undei* a [ire.ssurc of 100 to 200 pounds per 
sijuare inch. 

The gr(*at advantage of working the lifts from a tank is, tlie 
user is (piite indepimdcmt of all machinery, (*xcej)ting the power 
reipiiivd (in largi* ])lac(*s) to rc-punip tliii wat(*r into the tank. 
Ko water in this case is wasted, and the lifts can he used at 
night with(»ut any attendant being required for th(' ])umj)ing 
machinery, as in the case of high-jire.ssure hydraulic lifts. 

The ci>st of the machinery is far h^ss, and there is very little 
chance of leakage, etc., on account of the lower pressure in the 

}iip<‘S. 

'fhe wear and t(*ar of the machineiy is small ; the leather 
collars, wdien ])rop(*r]y fitteil in, last for years; the repairs are 
also small ; and the machincTy not being subject to the same 
shocks as the lngh-pr(‘s.sure lifts, there is little liability to get 
out of order. The author, having designed a large number of 
tliis class, fuay, from the ex])er5ence of srane years, state that no 
accident of any kind has taken place to any one using the lifts. 
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lifting apparatus in use, and he also believes can be more safely 
and expeditiously worked. 

One great advantage of hydraulic machinery is that no wear 
and tear takes place when the cranes and lifting machinery 
are out of action — the power at this time is stored up ready 
for the next time of working. This is a great consideration 
at a dock or wliarf, and other large places of like kind, where 
the work is intermittent ; the cranes can be started at any 
time, and are ready to raise their maximum load. 
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CHAPTER IX. 

HYDRAULIC LOW-PRESSURE LIFTING MACHINERY. 

Triis class of hydraulic machinery is worked on several plans, 
viz. ; 

1. By head of water from a tank fixed at the highest point 
of a building. 

2. Where the water companies and town corporations will 
allow it, {m\ssiire is takc^n from the mains, and the exj)enKe of 
the tank is saved. This is not, how(‘ver, always advisable, as 
in case of any accid(Mit at the w^ater works, or any unusual 
d(‘mand uj)on tlie mains, sufficient pressure cannot bo obtained 
to work the lifts. 

3. Where several short-stroke lifts or cranes have to bo 
work(‘d, an air vessel may be* advantag(‘OUMly used ; water is 
])um})ed into same under a pressure of 100 to 200 pounds per 
s<pjare inch. 

The great advantage of working t])c lifts from a tank is, the 
user is <piite indopend(mt of all machinery, excei)ting the power 
re(iuired (in large places) to rc-]>ump the water into the tank. 
No water in this case is w^a.sted, and the lifts can bo used at 
niglit without any atb*ndant boing re<juircd for the pumping 
machinery, as in th(i ease of high -pres.su re hydraulic lifts. 

The cost of the maehintiry is far less, and there is very little 
chance of leakage, etc., on account of the lower pressure in the 
l>ipe.s. 

'fhe wear and tear of the machineiy is small ; the leather 
collars, when properly fitted in, last for years ; the repairs are 
also small ; and the maxjhinery not being subject to the same 
shocks as the high-pressure lifts, there is little liability to get 
out of order. The author, having designed a large number of 
this class, may, from the experience of some years, state that no 
accident of any kind has taken place to any one using the lifts. 
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Passenger Lifts (Drawing No. 18). 

The construction of these is in some respects much the same 
as described, p. 20. 

A well is sunk in the centre of the lift shaft, rather deeper 
than the height to be lifted. When constructed in the London 
district — where gravel and sand are usually met with near the 
surface — the water is shut out by sinking cast-iron cylinders; 
these should be 3 feet in diameter, and in, say, 6 feet lengths, 
flanged together and well bolted. The first cylinder has a 
cutting edge at the bottom, and when the clay is reached, they 
are driven from 2 to 3 feet into same, to form a joint, and pre- 
vent the water rising under the cylinder. The rest of the well 
may be in brickwork, or 9 inches thick, and either laid dry 
or in cement; this must depend upon the nature of the 
ground. Great care must be taken to keep the well vertical. 

The cylinders are suspended in the well, and in these the 
rams work ; the lengtli or stroke is equal to the height to be 
raised. The ram works through a bored head fitted with gland 
and leather collar. 

The cage is attached to the top of ram, and is made of 
wrought iron, well framed together. The top is J-inch wrought- 
iron plate ; the floor oak, and the sides pine. 

Cast-iron planed guides are fixed on stone templates built 
in the walls at each side of the lift hole. 

To the top of the cage are attached two wings, to which the 
counter-balance chains are fixed on either side. These chains 
work in grooves, and })ass over two wheels fixed on the side 
walls, and so to the counter-balances, which work in iron 
guide bars fixed each side of the grooves in the wall on either 
side of the lift hole. 

The valve gear to work the lifts is fixed below, and self- 
acting stopping gear is also provided to prevent accident. 

Every possible provision is made to ensure perfect safety. 

Short-Stroke Ram Lifts (Drawing No. 33) 

Are made in much the same way as the above, except that the 
cage is dispensed with, and a table or platform is attached 
to the head of ram. Two iron guide bars are fixed at the 
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Bides, and rubbing guides to the taide. It is advisable in most 
cases to fix counter-balances, to take the weight of the table 
and pai-t of ram. The wells, cylinders, etc., are as before. 

The valve arrangement is similar to the other lifts, but 
smaller as to pipes, etc. Self-acting stopping gear is provided 
to stop the lift at the highest and lowest points. 

This class of lift is very suitable for banks or any place 
where valuables have to be stored. The entrance in this case 
to the safe or strong room is by the lift only ; the top plate 
of table is made of wrought iron, and fits into an iron 
frame at the top floor, similar to a safe door; a patent lock 
throwing out eight bolts into this iron frame, is fitted to the 
under side of tlie plate ; the pressure is left on the rain all niglit, 
the gear for regulating this being slmt up in a recess, and 
fitted with an iron safe door and })ateiit locks. 

Where heavy safes containing documents for daily or hourly 
ri'ference an; nspiired, the saf(*s are fitti;d with wheels and run 
on rails on top of tlu‘ lift table; ; rails are' also laid in the 
vault or strong room, by which means the safe is run off into 
an inner strong room if requiresl ; the lift then rises, and brings 
down any others, and tlie books, specie, etc. 

Shout-Stroke Ram Lift (Drawing No. 34). 

The general details of this lift as to ram, cylinder, etc., is 
the same as the last named. The guiele^s are lixesl at the hack^ 
to enable the table to rise (Oioce the level of floor or dreet at 
the top, so as to allow casks or other goods to be rolled off 
at the level of carts, etc. 

A lift of this kind is very suitable for a brewery or wine 
cellar, where the table rises to the level of the public way, and 
where no fixings for guides can be obtained at the front aide 
of the lift at this level. 

There are many other modifications of this kind of lift 
suitable to special re([uirements, but as they are seldom used, 
further detail is not necessary. 

The gieat advantages of lifts (as Drawings Nos. 33 and 34) 
are perfect safety, noiseless action, and total freedom from vibra- 
tion ; the^speed is also under absolute control, and they cannot 
be overloaded. The weai’ and tear is very small, even when 
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the work is constant. The cost of water is not a large item, 
and is hardly worth taking into account, considering the saving 
of labour, ete. 

All the parts are simple and free from complication, and 
there is nothing likely to get out of order. 

The friction of “ram lifts” is smaU, especially when the 
leather collars are well fitted, — it does not exceed 5 per cent. 
Packed glands of any kind are to be avoided, friction is much 
increased by their use. The lubricant used should be good 
sperm or mineral oil, and the ram kept very clean ; vegetable 
or lard oil should never be used. 

Short-Stroke Cylinder Lifts (Drawing No. 35). 

These lifts are very suitable for raising goods, coals, luggage, 
food, and other light goods. 

The most simple plan of construction is an open top vertical 
cylinder fitted with piston, having a rack attached to the top 
side ; this rack gears into an iron i)inion, and by means of a 
train of wheels, rotary motion is given to a drum, and the 
requisite amount of rope or chain is coiled. The stroke of the 
cylinder and the number and proportion of the wheels are 
regulated by the height to be lifted. However carefully mad(', 
there is much friction in this class of lift, and a good margin 
must be allowed to ensure suflicient power and to spare to do 
the work. 

The bucket or piston should be fitted with two leathers; 
hemp or metallic packing cause more fiiction. All the t(‘etli 
of wheels should be pitched and trimmed ; the back and sides 
of the rack should bo planed, and work against a turned wheel 
fixed at top of cylinder to form a guide; the working pinhm 
should be provided with shrouds turned on the edges, which 
also rub on the faced front edges of the lack. 

Great care should be taken that all the work is perfectly 
true and of the best kind, otherwise much power will be lost 
by undue friction. 

In well-constructed machinery the friction may be taken at 
about 25 per cent. 

Short-stroke cylinders (see Drawing No. 4), with thains and 
movable i)ulleys, are also sometimes used, and especially where 
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the working cylinders must be fixed horizontally. More friction 
takes place with this kind of gear than the one above de 
scril)od, but it may be materially reduced by attention to the 
(quality of the work and proportion of the parts. 

The cages are made much the same as those for high- 
ju-cssure lifts, except that all the parts can bo much lighter. 

Gear rods or ropes pass up the lift hole to enable the lift to 
be worked from any floor. 

Counter-balances are fitted to these lifts. They are made 
flat in shape, with planed grooves to run in two L-iron 
guide bars. The weight of the balances is less than the cagis 
to give suflBcient power for the cage to fall, when empty, by 
its own gi*avity, and keep the ropes taut on the drums. 

Self-acting stopping and safety gear is also provided to 
prevent accidents. 

Wire rope is the best to use for raising the goods. In some 
rases two ropes are used, working nj)on separate drums ; if oim 
1 ope breaks, the other is able to take the load safely, and so 
avoid accident to the cage and its contents. 

Lifts of this kind arc very suitable for private houses, to 
carry up food from the kitchens, also coals, etc., to the 
various floors. The cost of water is not a large item, consider- 
ing the great saving in labour and time etteeted. They are not 
liable to get out of repair, and are easily worked. TJje speed 
can be regulated, load controlled, and the attendant cannot 
either work the lift more rapidly or take more than the 
liiaximuiti weight 


Parcels Lift. 

Drawing No. 36 shows a very useful application of Brotlicr- 
hood^s tliree-cylinder hydraulic engine to small lifts, introduced 
by Mr. E. B. Ellington. The engine is reversible, and carries 
a grooved pulley, round which is passed a rope, attached at 
both ends to the lift boxes, and having an adjustment for 
keeping the ropes taut. One box ascends while tlic other 
descends, thus effecting a great saving in time and power. 
The boxes can be worked by hand, by means of a second rop(5 
passed over the head sheave. A high speed can be obtained ; 
the lifts arfe quite silent, and easily controlled. 
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Brotherhood’s Patent Three-Cylinder Hydraulic 
Engine. 

Brotherhood’s three-cylinder hydraulic engine is a great 
improvement upon the ordinary Armstrong type of osciDating 
cylinders. 

A really reliable hydraulic engine was much wanted, and as 
Mr. Brotherhood s has stood the test of several years’ constant 
work, he is to be congratulated on his success. 

The working parts consist only of the three pistons and con- 
necting rods, one crank, and one rotating balanced valve and 
spindle which fits into the driver, and is turned direct from 
the crank pin. 

There are no glands, stuffing boxes, or oscillating joints, and 
the wear of all the parts is taken up automatically, so that 
nothing has to be tightened up. The engine is made reversible 
if required, simply by a modification of the engine valve and 
the addition of a controlling valve to alter the direction of the 
flow of water into and out of the engine. Mr. E. B. Ellington 
has effected some useful imj)rovements in these valves, by which 
certainty of action is secured. The working parts are all pro- 
tected ; the engine occupies very little space, and will work up 
to 200 revolutions per minute. 

These engines have been adopted for working the hauling 
gear for the sliding caissons, and for controlling the sluices in 
the extension at her Majesty’s Dockyard, Chatham. 

Low-Pressure Hydraulic Power can also be employed for 
organ-pumping, working small engines, turning (small) lathes 
and other machines, and to a variety of purposes too numerous 
to detail here. 

The author is of opinion that the application of this power 
is still in its infancy, and if water companies would be more 
liberal in their arrangements with regard to the use of water 
direct from the mains, engineers would turn their attention to 
the design of many kinds of apparatus wheie water power 
could be usefully employed, — this more especially refers to 
machines for domestic use, and in large establisliments, where 
saving of time and labour are so essential. 

The great advantages of self-acting water power apparatus 
of this class ai^e— there is no necessity for a steam boiler; the 
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consequent dirt and trouble, as well as expense of fuel, etc., for 
working, is saved ; and the apparatus not only works silently 
and without vibration to the surrounding building, but is more 
easily controlled than any other class of machine. At no very 
distant day, all houses of any size will not be considered com- 
plete unless fitted with machinery of this kind. The particular 
attention of architects is therefore drawn to this subject, and 
the author trusts he has made the matter sufliciently clear to 
be of practical use to them. 
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STEAM LIFTING MACHINERY. 


CHAPTER I 

STEAM CRANES. 

The application of steam power to cranes and other lifting 
a])paratus docs not date more than about thirty years ago ; 
and for wharf and other cranes, did not come into extendeil 
use until within the last eighteen to twenty years ; they are 
now very largely used. 

Steam Wharf and Warehouse Cranes (Drawing No. 37). 

Steam power is very suitable for wharf purposes ; and where 
several cranes are required, one boiler can work the whole ; 
this should be of ample capacity to bo able to meet any sudden 
demand upon it; when no work is being done by the cranes, 
the boiler is a reservoir of steam until it is again required. 
The author some years ago was, he believes, one of the first in 
London to carry steam long distances, and to prove, when the 
work is properly designed and v^ell executed, that very little 
loss takes place from condensation in the pipes. This matter 
will be treated more fully hereafter. 

Fixed Steam Cranes are the most suitable for a wharf 
doing a large trade ; they should be so situated that any two 
cranes may plumb the two holds of a ship, and be such a 
height above the wharf as to prevent the sides or bulwarks 
of the ship fouling the jibs. The most suitable radius for the 
jibs is from 17 feet to 24 feet. 

The posts upon which the crane works should be of wrought 
or cast iron, fixed in a base plate of cast iron ; this plate must 
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be bedded upon a good stone, with a sound brickwork founda- 
tion. This will be more specially mentioned hereafter. 

The base plate has an internal rack or tooth wheel bolted 
on, with conical face for the friction rollers to work on. 

The jib is made of two wrought-iron slabs with cast-iron 
distance pieces or diagonal bracing ; or it may bo made like 
a rivetted gii-der ; in any case it should be spread to the full 
width of the side frames of the crane, to give it stiffness, and 
prevent any chance of twisting, especially when the load is 
being swung. It is attached to the side frames at the base by 
a turned pin. 

The top wheel for carrying the chain should not be loss than 
18 inches for a 30 or 40 hundredweight crane, and have a 
deep plain groove for the chain to work in ; it should run 
upon a fixed steel pin, not less than 2 inches diameter; should 
have a wide boss, and be bushed with gun-metal. The bottom 
pin which connects the jib to the side frames should also bo 
steel; and the cheeks of jib should have an extra plate rivetted 
on at this point, say, 2 feet long, to prevent the pin cutting, 
and to give extra strength and rigidity. 

Rollers must bo fitted between the jib and tie rods to carry 
the chain when slack, but the chain must not rub on them 
when at work. 

The side cheeks should either be cast iron or wrought iron, 
the latter being the ];referable material, esj)ecially for large 
cranes ; in this case all the bosses and bcaa ings arc cast iion, 
and are bolted to the wrought-iron side frames ; these frames 
are bolted on to an upper base plate having a bored boss, 
which rests upon a collar on the post, and works upon a 
turned part of same. To the top of the frames is bolted a 
“ cross-head ” or stay piece, with bored boss open at the top, 
working on top of the post, which is also turned. 

Machinery for Working. — The steam cylinders arc best 
fixed horizontally on the outside of each sidci frame, witli the 
connecting rods working direct on the crank pins, fixed in first 
working pinion on one side, and on the crank disc on tlie 
other. Two sets of wheels give motion to the barrel on whicli 
the chain is coiled ; the centre of this shaft is kept as low as 
possible to keep the strain near to the base, and save vibration. 

The swinging gear is done by right and left hand cones 
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worked by lever and screw nut ; these cones are on the crank 
shaft, which has two bevel pinions keyed on, working a crown 
wheel below, and by means of spur wheels which gear into 
the internal tooth ring on the base plate, the crane is swung 
as desired 

The first pair of wheels are patent frictional gear ; the second 
pair, iron tooth wheels, pitched and trimmed. The man 
working the crane, uses one lever to start, stop, and lower, 
and with the other hand works the swinging gear. Cranes 
made upon this plan wore designed by the author some thirteen 
years since, and are working to this time economically, and 
are perfectly satisfactory. 

Steam pipes to supply the cranes on a wharf, etc., are carried 
in a channel undergi ound, with junctions to each crane ; the 
details of this vary with circumstances. 

Portable Steam Cranes (Drawing No. 38). — Cranes are 
made upon the same plan as before described, except that the 
whole apparatus is fixed on a trolley on wheels, which also 
carries the boiler. 

In many cases, especially where the cranes are not working 
in direct lines, these are found the most suitable for the work ; 
they are not so economical as to fuel, etc., in working, as 
several fixed cranes worked by one fixed boiler. 

In all cases, for safety, the crane, when lifting goods, should 
be fastened by four screw clamps to the rails, as cases have 
occurred whore the oscillation of the crane has thrown it over 
and very serit)us results have taken place. 

For light loads, cranes are made wdth the cylinders working 
direct on the barrel without any wheel gear ; they lift in these 
cases at the rate of 200 to 250 feet per minute ; the cylinders 
must be largo, and the stroke about 2 to 1. The barrel for 
chains must not be less than 6 inches to 7 inches in diameter ; 
9 inches is a suitable size. 

Heavy Loads. — Where heavy weights have to be raised, it 
is found more economical to have one or more special cranes 
for this purpose ; in ordinary cases at wharves the maximum 
load seldom exceeds 4 tons. Cranes for this purpose ore made 
with two motions, with clutch gear to use either power re- 
quired, according to the w^eight of goods to be lifted. As a 
rule, taking the ordinary work of a wharf, it does not pay to 
have a ci*ane to lift more than 4 tons direct from the band ; 



iPPARATUS FOR SLINGING GOODS. 


45 


but by means of one block, and making all the parts of suffi- 
cient strength, 8 tons can be raised. 

Apparatus for slinging Goods when unloading by 

Cranes. 

Wrought-Iron Crosses, with four sets of slings attached 
to same, are used to raise small casks, such as pork, soda, 
currants, sugar, etc. 

For liglitcr loads, a wroiight-iron ring, with four or six 
chains attached, is suitable for raising small bags or packages. 
When bags or sacks of materials have to be raised, each chain 
lias a large ring at the end to form a running noose ; in other 
cases a hook only. 

A very safe sling, designed by the author some years since 
for raising casks of wine, oil, etc., consists of one chain with 
large ring at one end and hook at the other; this chain is 
put round the cask at one end, passed through tlie ring, drawn 
tight, and then round the cask at the other end, the hook being 
caught in the chain, and leaving sufficient space and slackness 
for the crane hook to take hold of. It will be seen such a sling 
cannot slip, and the strain of the crane only tends to tighten i 
it upon the cask. This kind of sling has been in successful 
and safe use for many years at some of the largest wharves in 
London. 

Sugar when in loaves, and all small packages, are best lifted 
upon a scale board attached to the crane hook by four small 
chains, and suspended from a wrought-iron cross fitted with a 
ring. 

Where the goods have to bo warehoused, tliey are best lifted 
in a box, on three wheels, the front one being made to swivel ; 
when landed, they can be run to any required point. Spare 
boxes are used, so as to keep the cranes continuously at work. 

Fixed Boilers 

The most suitable are horizontal multitubular boilers, which 
require no setting; they take up little room, and are most 
economical in working. The power should be ample ; no loss 
takes place, as before observed, from having the boilers of 
ample capacity ; on the contrary, much economy is effected. 



46 


STEAM LIFTING MACHINERT. 


Steam pipes may be carried 400 to 500 feet with very little 
loss of pressure ; they must be well clothed, and provided with 
expansion joints. Condense boxes must also be fixed at various 
points, to keep the pipe free from water. 

On the line of pipes, proper valves should be provided, to 
shut off any portion not required. 

Foundations of Cranes. 

The foundations should have the greatest care. For 40- 
hundredweight cranes, the holding-down bolts of the base plate 
should not be less than 6 feet long, and 1| inch in diameter. 

The brickwork should be in Portland cement, and rest on 
Portland cement concrete. The top base stone for the base 
I)late of crane should be York,” not less than 12 inches thick. 

Where, for the purpose of the jibs clearing the sides of the 
ships, the brickwork bases stand some height above the wharf 
line, they should not be less than 6 feet by 6 feet, to ensure 
stability and to keep the machinery free from vibration. 

No special rules can be given as to the depth of brickwork, 
as it will vary with the nature of the soil and other considera- 
tions. In places where the soil is boggy or bad in other 
resjiects, piles must be driven, then sawn off level, and 6-inch 
]>lanking sj)iked to same; on this a good base of cement con- 
crete should be formed, and the brickwork foundations built 
on it. 


Houses over Cranes. 

It is advisable to cover the machinery and the man 
working the crane with a house ; this is made of sheet iron, 
much saving is effected by this as far as the machinery is 
concerned, and the men are able to work in all weathers 
without injury to their health. Objections have been raised 
to their use, upon the assumption that the men will not be so 
attentive ; but from many years* practical experience of their 
working, the author is able to say such fears are groundless. 
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CHAPTER IL 

STEAM WAREHOUSE CRANES AND HOISTS. 

The general arrangement of jibs and steam-hoisting engines is 
shown in Drawing No. 39. The handle for working the hoist 
inust in all cases be carried to the loojdiolos, to enable the 
man to see the load ho is raising or lowering. 

There are various kinds of hoisting engines; the forms 
advised by the author arc described. 

Drawing No. 40 consists of two oscillating steam cylinders, 
say, 6 to 7 inches in diameter, by 12 to 14 inch stroke, inclined 
at an angle, working direct on to crank discs. The cylindcTs 
are fixed outside each side frame. One pair of spur (tooth) 
wheels, pitched and trimmed, give motion to the barrel shaft, 
on which the chain is coiled. The valve motions are worked 
by links, keyed on one w’eiglit shaft, to which is also keyed 
the hand- working lever. The man working the crane can start, 
stop, and lower by means of this lever ; there are no clutches to 
throw out ; shocks and consequent fractures are thus avoided. 

To swing the Jibs two small steam cylinders arc used, with 
a chain fixed to a grooved wheel keyed on the post ; this is on 
much the same plan as for the hydraulic cranes. 

Hoists are also made like the above, but with the cylinders 
fixed horizontally (see Drawing No. 41). To run both ways, 
either two eccentrics to each cylinder are used with link 
motion, or a special valve box, admitting steam on alternate 
sides of the piston, is provided ; this plan has been working 
some years, and is most efficient in its action. These kind of 
hoists take rather more floor room, but work with less vibra- 
tion, than No. 32 kind. 

Swinging gear, when required, is the same as before de- 
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scribed. This is the most direct and efficient, and saves much 
friction, as against the clutch and gearing plan ; it also does 
away with the risk of fracture from the shocks they would be 
liable to when the gearing plan is used. 

Ifo?sfs are made upon the plans of Nos. 40 and 41, but with 
the cylinders working direct upon the crank pins. They 
usually run at high speeds, say, 200 to 250 feet per minute, 
and are very suitable for raising cork, wool, esparto grass, tea, 
and other light goods, especially when packed in cases or 
boxes. 

In all the above instances, the hoist should have a good bed 
plate, and be securely fixed, to save vibration. The bed plate 
should be lipped all round, to take the condensed water, and 
so keep the floors dry ; in addition to this, it is advisable to 
cover the floor, under the hoists, with sheet lead, in case the 
condensed water overflows the bed plate, — the goods on the 
floors are not then damaged. 

Hoists are made with fixed cylinders, both vertical and 
horizontal, with j)atont frictional gear, and are either single or 
double geared. One lever starts, stops, and lowei’s; the brake 
is alw’ays on, and is taken off when raising or lowering. This 
is a very safe j)lan, an<I })revcnts accident. 

The work must be of tlie highest class, and the shafts and 
all parts strong, to avoid springing and vibration. 

Hoists have also been made to work warehouse cranes, 
where the load is light, and the lift does not exceed 10 feet, by 
direct action from a steam cylinder, the stroke of which is 
made in this case 2 to 1, with movable pulley. The piston 
rod should be extra large, to be rigid and able to stand any 
sudden shock ; the cylinder can either be fixed horizontal or 
vertical ; the pressure of steam should not be less than 40 to 
50 pounds per S(juare inch, in order to work them with economy ; 
care must be taken to protect the cylinder and pipes to 
prevent condensation of the steam. Arrangements are made 
in the valve gear to pass the exhaust to the reverse side of 
the piston, to keep it warm, the waste steam being driven out 
at the next stroke. This is somewhat complicated, and can- 
not be described in detail, as space will not admit. 
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There are many other forms of hoists; but the above are 
specially recommended by the author as those with which he 
has had some years* experience, and to which he can bear testi- 
mony as to their simplicity of parts and efficient working. 

Steam Hoists and Warehouse Cranes for Wool, etc. 

During the last ten or twelve years the number of ware- 
houses for storing tea, wool, esparto grass, etc., have iiiucli 
increased in London. Several good forms of steam lioists have 
been specially designed for the purposes of rapidly unloading 
the vans and storing the goods on the various doors of the 
warehouses. 

The author will now describe some of the best kinds of 
hoists for this purpose, and the arrangement of jibs, etc., most 
advisable to use in such cases. 

Hoists are made on much the same plan as described for 
Nos. 40 and 41, the cross-heads of piston rods of cylinder l>eing 
connected direct to the crank discs keyed on barrel shaft, 
(cylinders are oscillating, 8 inches in diameter, I>y 12 inch 
stroke. Barrel for chain, 12 inches by 2 fe<^t 9 inclios to 
3 feet long, capable of coiling, say, 50 feet of J-inch chain, 
which is about equal to the average height of the top doors of 
warehouses in London. 

The ports of the cylinders are large, and all parts made very 
strong to stand the rapid work. 

Ho. 1 Form of Hoisting . — The cylinders arc made oscillat- 
ing, as described for No. 40, and either worked by link motion 
or by central reversing box as dcvscribed in No. 41 (p. 47). 
The side frames of the hoist are dxed to a bed plate in the 
same way, and lipped all round to catch the condensed wat(‘r. 

In some cases the side frames and bed plate arc fixed direct 
on the wall of the building, with a leaded trough under same, 
to catch the water, etc., as before mentioned. 

No. 2 Form . — The cylinders are vertical. The connecting 
rods work direct on the crank discs keyed on barn*! shaft; 
the size of the cjdinder and barrels are same as above. Tho 
valve motion is worked by a reversing box, and in both 
cases, by means of one lever, the man working the hoist can 
start, stop, and lower the load, and has perfect control over 
same, 

E- 
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An arrangement can be made by special gear to the barrels 
to stop the engines when the desired floor is reached. 

The Position of the Hoist is best on the floor below the 
highest floor (see Drawing No. 39). This gives sufBcient lead to 
the chain, and allows it to coil regularly and closely upon the 
barrel, without the aid of guide rollers, which should always 
be avoided whenever possible. 

Jibs should be made of two flat slabs with cast-iron 
distance pieces rivetted together. The average radius for jibs 
suited for such purposes is about 7 feet 6 inches to 8 feet ; 
wherever possible the angle of the jib should be 45 degrees. 
The top wheel should be about 14 inches in diameter, with a 
wide boss, and work upon a l|-inch diameter steel pin. The 
wheel should have a deep and wide groove, and turned at this 
part, for the chain to work easily in, and to save friction. 

The Carriages for the jib at top and bottom should ])c 
fixed to a back plate and bolted to the wall by four bolts 
passing through two back plates on the other side of wall. 
This preserves the bearing in exactly relative positions, and 
also adds rigidity to the wall at these points, preventing 
damage to same and vibration to the machine. 

When the warehouse is a new building, the piers where the 
cranes are fixed should be built in cement ; and where the jibs 
are fixed near the top of the building, a good heavy parapet 
or cornice is of advantage to keep the wall steady. 

The pins of the two leading wheels at the top bearing should 
bo at right angles with the chain when taut. The grooves should 
be wide, and the flanges of sufficient depth to just clear each 
other; this prevents the chain getting jambed when it is slack 
and the load off. One or more guide rollers must be fixed 
between the head of jib and the above rollers, for the chain, 
to rest in when slack ; tluy should not touch the chain when 
the load is on. These rollers sliould be bushed with gun-metal 
and turn on steel pins. 

AiTangements should be made for oiling the top and bottom 
bearings, by means of small pipes. At the lower bearing tl e 
crane post should rest on three steel discs fitted to the step 
plate ; these discs should be coned on both sides to save 
friction. 

The Chain sliould be inch in diameter and have a spring 
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hook and a ball fixed a short distance above same, leaded on 
to the chain to prevent it shifting. The weight of the ball 
should be suflScient to overhaul the chain when running down 
without a load. 

The chain of a steam crane or hoist working at a rapid rate 
should be changed once per month, and most carefully examined 
to detect any flaws in the links. It should be passed through 
the fire and annealed. When there is any sign of wear, the 
chains should be re^prsed. In all cases spare chains should bo 
kept ready. 

Swinging gear is not usually attached to hoists of this 
class, on account of the rapidity of working. 

The author designed, some years ago, an arrangement of 
levers and counter-weights to keo)> the jibs at any ro([iiii*(Ml 
angle. A guard chain is fastened at one end to tlio Iront of 
warehouse, and at the other to the head of jib ; the lengtli of 
this chain is, of course, adjustable to suit the position of the 
jibs. 

Spring Buffers are fixed on the warehouse wall to take the 
shock of jib when jiulled in by a slack ro|>e tlirectly th(i 
load is landed; the self-acting gear jmlls the jib out Jigain, as 
the chain descends for the next load. The jib may b(‘ k(‘})t at 
any angle desired by a special arrangement of the springs; 
these buffers stand heavy wear, and are j>crfectly successful. 

The weight of each bale of wool is about 3 hundredweight. 

The speed of those hoists is about 250 feet per minute. 

The quantity unloaded at a large warehouse in London by 
five cranes is about 1000 bales of wool in eleven hours. p]ach 
crane requires the attendance of two men — one at the hoist, 
and one to take off and wheel the bales away. 

The boilers to work this number of cranes may be either 
multitubular or Cornish; if the former a less diameter and 
length will do than in the latter case, and where sj[)ace is an 
object this wants careful consideration. 

At another large warehouse they had five cranes capable 
of lifting 20 hundredweight each, and one to lift about 
5 bundled weight; they were worked by one 20 horse-power 
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boiler, at a pressure of 55 to 60 pounds per square inch. Coal 
consumed, about 2 hundredweight per hour, at about 16s. 
per ton. 

One crane working ten hours will land 120 tons of goods, 
with a lift of 20 feet average ; this allows for time in clearing 
away. 

Comparing this with hand power : to lift 12 hundredweight 
20 feet, five men will be required, and about 168 hundred- 
weight lifted per hour. 

The cost of coal for five or six such cranes, in full work, 
will be about 4^. 6i. per day of ten or eleven hours (when 
coals are at an average price). This assumes the pipes are 
well protected, and every care taken to avoid loss of steam. 

The work done varies at different places, and much depends 
upon the class of work. Steam of the required pressure is 
always ready, so as to clear any goods that amve without 
notice. 

The author tliought it would be advisable to give data from 
actual work, rather than any theoretical deduction from any 
experiments s})read over a short time. 

The author had an opportunity some years since to test the 
difference in cost between hydraulic and steam power, the 
the result being much in the favour of steam power. 

It is needless to say the saving effected between steam and 
hand power is very large. In all such cases the whole of the 
expenses should be taken into account same as before named 
for hydraulic machinery. 

The boilers should always be placed in a separate fire-proof 
building, so that the rates of insurance are not affected. In 
some cases, where only two cranes are worked, a gas engine or 
boiler can be used with advantage, although the cost of working, 
as elsewhere stated, is much more. The gas engine is, how- 
ever, far more economical than the gas boiler, and possesses 
this advantage — there is no risk of explosion, 

Wliere three or four cranes are in one line, or say, on one 
side of the warehouse, the following plan is sometimes used. 

This consists of one fixed engine, with shafting and barrel 
gear either worked by cone clutches or patent frictional gear 
(see Drawings Nos. 45 and 46). The cost of working on this 
plan is much increased on account of the extra friction of the 
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Bhaftingand gear, and the heavy work thrown on to the engine 
by the cranes situated at the end of the shafting. 

The author does not recommend this plan, unless under 
special circumstances, where those before described cannot be 
used, or where there happens to be an engine near, used for 
other purposes. 

It must always be borne in mind that the power should Ims 
as near as possible close to the work to be done ; hence great 
advantage is obtained by the use of self-contained hoists. 

In places where no boiler can be fixed, steam Is sometimes 
hired from an adjoining place, and where power is only 
occasionally required, it is a most economical arrangement. 
The rent is charged at per hour, according to the time the 
machinery runs. 
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CIIAPTEU ill. 

STEAM LIFTS FOE GOODS. 

Steam Lifts may be worked by any of the before-named 
steam hoists,” and the steam can be conveyed some distance 
from tlic boiler to Work same, as ih the case of the cranes. 

Catjea are made with an iron frame at bottom and toj), 
strongly braced together, the floor of oak, and the top and 
sides of ])inc ; nibbing guides, lined with gun-metal (in case of 
passenger lifts), are fixed at top and bottom of the cage. 

Guide bars should cither be cast iron planed on the faces, 
or wrought T iron, not less than 3 inches by 3 inches by g inch, 
well fixed to timbers or stone templates built in the side walls. 
These bars should be erected perfectly vertical, and dead 
plumb all ways, firmly bolted, and should be most carefully 
fixed at the joints, to prevent any movement or friction at 
these points. 

Coiinier-halances should be provided, taking part of the 
weight of cage. They should be flat in shape, and have planed 
grooves, and should work in L iron guides ; these guides must 
bo fixed vertically, and the edges carefully filed to prevent 
friction and noise in working. 

The cage is worked by ropes, either hemp or leather, and in 
some cases a chain. 

The rope for the balance may either be hemp, wire, or 
leather, or chain in some cases* 

The ropes work over a top wheel, which should be of 
large size, say, 2 feet in diameter, turned in the gi'oove to 
save friction and injury to the rf»pe ; the wheel should be 
keyed to a shaft, working in gun-nieUxl bearings. 
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Working Gear. 

The Lifts are worked from the inside citlier by rope or rods, 
giving motion to the valves of the engines or the drivhig 
gear. 

The position of the engine, etc., and working gear must 
depend upon circumstances ; it is not material to its successful 
working. A position about midway on the floors is con- 
venient, or it may be placed at the top or bottom of the 
building. 


Safety Gear (Drawing No. 42) 

Should be fixed in the top of the cage of every lift. The 
following is a description of the plan designed and worked 
for many years under the superintendence of the author. 

The guide bars for the cage arc fixed on two timbers, wrought 
on the two sides and faces; these timbers must bo fixed per- 
fectly vertical, and true on all sides. 

At the top of the cage is fixed a shaft with one eccentric or 
cam wheel keyed on at each end of same. 

On the other sides of the timbers there are two toothed, or 
serrated, fixed racks; the rope is attached to the top of tliis 
a])i)aratus, and by means of an atTangement of levers, etc., 
directly it breaks, the cams are thrown into gear, and jamb 
the timbers on each side, and so stoj) the lift. 

When tlic lift is running at a speed of, say, 150 feet per 
minute, the fall of the cage at a fracture of tlie ro})e, does not 
exceed 3 inches. 

Many plans have been tried and failed, and, after careful 
study of such failures, the author introduced the above, and he 
is happy to say it has worked both safely and successfully. 

Particular attention is drawn to this most important suljcct, 
as many very serious accidents have occurred, especially in 
the cotton districts, where lifts are so largely used. 

Some years since, the author made a most careful inquiry 
and personal examination into all that had been done in 
applying safety apparatus to lifts, and in Manchester more 
es[)ecially, by the courtesy of several of the leading wareliouse 
l>roprietors, he was allowed to examine their various aj^l^arutus. 
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In many cases it was of the most complicated kind, and when 
he endeavoured to bring it into action, it fdiUd, As in very 
few of these places they had experienced any serious accidents 
— chiefly owing to the good quality of the lifts, and the great 
care given to the ropes — while not making them indiSerent to 
any good apparatus that might be offered them, they had relied 
upon what they had been accustomed to use. Since this 
time many very good apparatus have been brought out and 
successfully applied, and the author can state, from personal ex- 
perience, that many very serious accidents have been avoided 
l)y their use. He is of opinion the Legislature should make it 
compulsory for all users of lifts to have safety gear attached. 

Skjam lifts arc used for a variety of puj-poses, but with the 
excej)tion of small details, the general design of them is as 
above described; there are, however, some special applica- 
tions that deserve some notice. 

Endless Chain Lift for Passengers. 

Tlie first application of this kind of lift was about thirty 
years since at the CeiuTal Post Office, Si M art in’s-le-G rand. 

It consists of two (mdless steel chains i)ap>sing over top and 
bottom ]>alleys. these chains arc attached at certain in- 
tervals the tables or platforms for passengers; as each of these 
comes level with the various floors, the person wishing to 
ascend or descend has only to step on or off the table, and 
be carried to any floor he wishes, having then only to step out 
when the table is about level with the floor where ho wants 
to alight. The sjaH'd is rather slow, to prevent accident ; they 
are not, however, to b(' recommended where it is convenient 
to apply any other kind of lift. 

The chains should be of steel, with drilled holes, and turned 
steel pins carefully fitted. The guide bars should be cast iron, 
planed, and erected jierfectly veHieal. 

Machinery for working is usually a small horizontal engine. 
This may cither Ik) worked by steam boiler, or may be a gas 
engine. This latter is somewhat more costly in daily working, 
but as there is no dirt or dust, no skilled attendant re- 
quired, and the rate for insurance not being affected ; in many 
cases its use may be reccunmended 

This class of machiiiei} lequircs the most careful examina- 
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tion from time to time. Owing to the number of moving parts, 
the work should be of the highest class, and the material of 
the best description. 

All lifts should bo examined at fixed periods by competent 
people ; it is not only unsafe to neglect this j)recaution, but 
in the end proves false economy, without taking into account 
the serious risks to human life. Much loss may be savt^l by 
repairs in time. Cheap machinery, esp(‘cially of this class, is 
to be avoided; well designed and properly executed work will 
always prove not only the most elfective, but the most 
economical. 

Lifts for raising Ore at Blast Furnaces. 

One very notable one was erected some years since by 
Messrs. Samuelson and (^o., at their furnaces at Middles- 
borough. It is of the direct-acting class, vtuy safe in work- 
ing, but of necessity rather costly in construction, and notcpiite 
so economically worked as the ordinary hoists, owing to tlie 
unavoidable condensation of the steam in the eylimlers. 

Tlie average weight of a loaded truck is 14 tons, the ludglit 
lifted is 40 feet. 

The hoist consists of an inverted steam cylimlm*, 8(S inches 
in diameter, by 40 feet stroke, mad<‘ in s(‘venil lengths, Hanged 
ami bolted together ; the piston rod is connected to the cross- 
head of cage. 

The load is raised by the direct acti<»n of steam on tlie ))iston 
and rod, and lowered by exbausting tlie steam, wbicb is passcul 
to tbe other side of tlic piston to k(‘ep it warm. The actual 
exliaust takes jilace on the next upward stioke. 

The simplicity of action and safety well com|)(‘nsate for 
any w^ant of economy and steam in daily w(»rking. The 
autlior believes this lioist is uiiicjue of its kind, and is not 
aware of any other having been erected in this country. 

There are vai-ious other kinds of lifts, botli for passengers 
and goods, in occasional use; but as many of tliein cannot will) 
due regard to safety be reeomm(*mle<l where jiassenger*- have 
to ]>c carried, it is not iiecessaiy here to enter into detail as to 
same. 
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CHAPTER IV. 

STEAM TRAVELLERS AND CARRIERS. 

Steam travellers. — The girders should bo wrought iron, and 
either bo plate lattice or girders ; the end carriages should also 
be wrought iron, with two large wheels on each side to run on 
the gantry. These wheels should have double flanges, and bo 
well si)read as to distance between centres, to give a good base, 
and prevent twisting. On the top of these girders, light rails 
are fixed for the traveller to work on. The g(^ar for lifting 
should be fixed to wrought-iron frames on four flanged wheels, 
as before described; single and double purchase should be 
])rovided to suit the various loads ; — this ap})aratus is much 
the same as a crab. 

There are two ways of working : First, by shafting ; in this 
case a long square shaft runs down one side of the gantry, driven 
by the general engine. Second, by steam boiler and steam crab ; 
this latter plan is most suitable for outdoor work, and where 
the travellers are some distance from each other and must be 
worked (luite independently. The man to work the apparatus 
in this case stands upon the girders ; in the former case he may 
stand upon the floor or on the girders of the traveller. 

Foundry Cranes and Travellers. 

A very nice arrangement of steam crane for foundry work 
is the following. 

The jibs are made of wrought iron, and work in fixed bases 
and heads. The gear to work same is fixed on top of the jibs 
for the racking out motion, and on the post for lifting motion. 

A longituilinal shaft runs down on one or both sides of the 
foundry, and by means of an arrangement of levers and gear 
four cranes can be worked by one man situated on a platform 
midway hi the foundry, and near the wall. 
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They dxo more economical as to expense of working than 
hydmulic cranes, and are much to be preferred to tiavellers 
for this kind of work. 

For small heights and weights, cranes may be worked by 
direct-acting steam cylinders, much the same as those described 
for hydraulic power ; the cylinders and all tlu^ pipes must l>e 
clothed, and care taken to prevent condensation. 

Foundry cranes are also constructed the same os the above 
as regards the jib, the means of working being a steam hoist 
fixed on the post of jib or near to same. In this case a man 
is required for each crane, and the cost of working is rather 
more than the above. 

Endless Chain Hoists (Drawing No. 43). 

These apparatus arc very suitable for raising casks, bales ot 
goods, etc., where the action rc<iuirc8 to be continuous and 
self-feeding. 

They consist of two chains working on octagon drums at to]) 
and bottom. At suitable distanc<NS '‘hoins” arc fixed to cany 
the cask, etc. ; the chains arc kept in j position by stays, an<l 
work at the sides upon cast-iron fj’iction rollers; the shalts 
of drums, etc., work in two side frami'S. At the loW(‘r juiit 
the goods roll down an inclined plane to the lilt ; in the. ease 
of casks, when the horns come round, they are carri(*d nj) 
to the top, and by means of rails inclined from the machine 
aJ‘e run away. When other goo<ls are to bo I’aised, such as 
small cases, they are carried forward by an endless band, and 
by means of suitable gear two arms move the package* on to 
small tables, which are fixed to the horns above desciil^cd ; 
as the goods arrive at the top tlicy are either takeii oil )y 

hand or by gear of some kind. . i- i i 

These machines can either be fixed vertically or inclined, anil 

driven from shafting or by a separaU* engine. 

The si)eed should be rather slow, to allow time for the goods 

to be taken on and off the machine. .. . i ii 

The links of the chains may be of wrought iron fitted wiUi 
turned steel pins, the holes should be casc-liardened, am the 
lengths of links centre to centre made exact, ihese links 
should be made as described at p. 01. 
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Endless Bands for Grain, etc, 

A very economical way of moving grain or goods of like 
kind is by means of an endless band. It may be made of 
woollen material, india-rubber, or canvas. It works on two 
rollers equal to the width of the band ; wood bearing-roUers 
are fixed at intervals to support same, and means of tightening 
are attached at one or both ends of the apparatus. 

When cases or goods of this class have to be moved hori- 
zontally, the chain is formed of two iron long-link chains, with 
narrow boards attached to centre of each link. These boards 
are best made of beech. 

The band or chain is driven by strap, and by means of a 
friction clutch, can be made to throw itself out of gear in 
case of any obstruction to the goods when travelling on the 
band. They may be made 150 to 200 feet in length, and work 
perfectly, if well constructed. 

Woollen bands of the above kind are also used for trans- 
ferring or puinj)ing liquids from one vessel to another. The 
speed in this case wants very careful adjustment, and varies 
with the kind of li(|uid. It is a very ingenious contrivance, 
and effective in action. 

Screws, or ** Creepers,” for Grain, Flour, Charcoal, etcu 

These apparatus are for the purpose of moving such goods 
in a horizontal direction. They consist of a central shaft, with a 
wrought- iron bladed screw. The diameter varies from 6 inches 
to 24 inches. The screw works in an iron casing, trough shape, 
with top flange and cover. At one end the gear is applied 
and the other is provided with a small relief door in case of 
stoppage. The shaft of screw should be fitted with couplings 
to allow the same to be disconnected easily. 

Elevators, or Jacobs” (Drawing No. 44), 

Arc so well known that they do not require much detailed 
description. 

For Corn, Malt, etc., the cmllcss band is of leather, with tin 
buckets fixed to same at intervals. The top and bottom 
pulleys on which the band work’=' are cnclo.'-ed in a case, with 
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suitable bearings. At the bottom an armngoment is made to 
tighten the band, and a vent valve at the top to prevent 
firing. 

The pulleys should be proportioned according to the size 
of the buckets; 14 inches diameter should be the ininiiuum 
size. The buckets must not be placed too close together, or 
they will not deliver easily. 

For Coals and other Heavy Goods, the elevator is fonned by 
two side chains, with iron buckets attached. The two chains 
are kept apart by stays, and work over cast-iron octagon 
drums, top and bottom. They are also used to carry up the 
contents of excavations, ballast, and water, etc. 

They are self feeding and delivering, and want very little 
personal attention. 

The chains must be made in the same way as those d('scriln‘d 
for the endless lifts ; they should be made in a monhl, and 
carefully drilled by special apparatus to ensure each set of 
links of chain being the same length on each side. 

In some of the large breweries these elevators are from 
50 feet to GO feet high; any inequality in the l(‘ngths of the 
links in such cases would cause an accident and sto])])ago <o 
this part of the plant — often a very serious matter, ami in- 
volving heavy losses. This is a case where the work should 
be of the highest class, and first cost not so much an object as 
good sound work. 
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CHAPTER V. 

BARREL GEAR WORKED BY SHAFTING. STEAM CAPSTANS. 

For raising hops, malt, sacks of rice, corn, flour, etc., this kind 
of gear is to he recominended, especially where other stcaiu 
power is required for carrying on the business. 

Patent Gear (Drawing No. 45). 

The barrel is generally about 10 inches in diametor, and 
the length according to height to be lifted, worked by patent 
frictional gear, the large wheel being keyed on the barrel 
shaft; a small counter-shaft has a grooved pinion on same. 
It is driven by strap gear from the main shafting, or the 
pinion may l)e keyed on the main shaft. Tlie sliaft of the 
barrel has eccentric bearings, and by means of levers con- 
nected to each end, the two wheels are brought into contact, 
and motion is given to the barrel. 

Brake gear consists of a soli<l block of beech turned to fit 
the periphery of the wheel. This is fixed in a cast-iron box, 
and by means of screws is cai)able of a<ljustment as it wears ; 
much care must be used to fix the brake box rigidly ; it must 
not spring in any way. A counter-weight keeps the large 
wheel on the brake. 

To work same there is only one rope required; the man 
jpulU into gear and lets the rope go when he wishes to put on 
the brake, and when lowering the load, he holds the rope slack. 

Self-Acting Stopping Gear is attached to prevent accident, 
and stop the lifting at the highest point 

All the work must be of the best class, the spindles large, 
and bearings long; the plummer blocks must be firmly 
fixed, and the timbers strong, to jirevent any springing or 
vibration. The success of the ivorking entirely depends upon 
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the careful proportion of the parts uTid perfectly tme %vork-- 
manship. 

Cone Gear (Drawing No. 46 ). 

In this case the barrel is the same as l>efore, but in lieu 
of the patent wheels cone clutches are used ; tlio angle of the 
cones must bo carefully designed. When the barrel is on 
the main shaft (provided the speed is suitable), the male 
clutch slides in and out of gear on a feather, by means of a 
clutch lever of the usual type. The baii-el has one female 
clutch at one end, or sometimes two, one at each (md, as 
shown, bolted to same ; the boss of barrel is bushed with gun- 
metal, and runs loose on the shaft. 

The lifting is done by bringing the clutches into contact ; 
and the lever gear is so arranged that when the cones are 
thrown out of gear the brake is put on, and vice verm. 

Self-Acting Gear is provided to throw out at the highest 
point, as in the last case. 

Both of the above work equally well ; the circumstances of 
the particular case must decide which should be used. Tlie 
author, having had much ex])ericnce with botli, can say they 
work silently and ^viihoatvihmtionJari^^sxQ very safe. 

Slack Belt Gear. 

The barrel, as before ; a large double-flan god pulley is 
keyed on the shaft. It is worked by a slack leather band, and 
driven direct from the shafting. It is brought into gear ])y a 
long lever having a small flanged tightening ])ull(*y on tlio 
encL The barrel shaft also has a brake, witli brake lever gear 
and rope. The working lever has a counter- weight to take 
out of gear directly the man lets go the woj king roi>e, and at 
the same time the brake can be put on. 

This plan is only suitalde for one or two sacks of com, flour, 
etc., and is usually made to lift at a high speed, and in sonic 
cases is arranged with a double chain, one on each end ol 
barrel, to coil otf and on ; the end of each chain has a largo 
ring to form a running noose for the sacks. 

Self-Acting Throwing-Oat Gear is also provided for this 
apparatus. 

The pulleys to drive should be large diameter, wide, turned 
(but not too smooth) on the rim and edges of flanges; and 
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should be curved to give a ginp to the belt, which should be 
i inch to 1 inch less in width than the distance between the 
flanges of the pulleys. 

It is better to avoid lacing this belt ; it should be rivetted at 
the joints, or strap fasteners may be used. It is advisable 
to examine the belt occasionally, to see the joints are perfect, 
as otherwise there is a liability to accidents if the belt breaks. 

Stout single straps are the best ; they are more pliable, and 
bite better on the pullies. 

Apparatus of this kind are usually fixed in pent-houses 
overhanging the road or water, the floor of the house having 
two sets of oak flaps, hung on leather hinges (where the lift 
is double), with a hole for the rope to pass through. 

The timbers of this house should be rigid, and fitted to 
stand hard work, so as not to communicate any vibration to 
the building. The author advises that these timbers be carried 
some distance back, framed into strong timbers, and properly 
stayed and strutted. 

The sides of the pent-house should be enclosed, to protect 
the men from the weather when working. The quickest 
method of working is to lift one or two sacks at a time. 
Much loss of time takes place when more are raised, both in 
putting on and taking off tlie load. 

The speed is usually 200 feet to 250 feet per minute. 
Chains arc used, I inch to inch in diameter, short link, 
with a round ring at the end to form a loop for the sacks. 

Steam Capstans. 

These arc made on much the same plan as the hydraulic 
capstans described at p. 13, except that there are only two 
cylinders, and the valve arrangement is somewhat different. 
All the pipes, cylinders, and steam chambers should be coated, 
and the pipes kept free from condense water by the use of 
condense boxes carefully adjusted. By means of leading 
pulleys, trucks, etc., can be drawn in any direction, as in the 
case of the hydraulic capstans. With regard to the steam 
pipes, see remarks at p. 66, on steam cranes. 

There are many other kinds of steam lifting and hauling 
apparatus capable of being applied in many special cases ; they 
are not, however, of sufficient importance to need a description 
here. 
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CHAPTER VT. 

GENERAL REMARKS ON STEAM LIFTING MAGHTNERY. 

Steam power can be applied in many cases whore hydvanlio 
j>ower is not admissible. The cost of working is in favour of 
steam, both as to coals, wear and tear, etc. ; also in the first cost, 
which is much less, thus reducing the interest on ca]>itii] and 
sinking fund, all of which must be taken into consideration in 
forming estimates to be of any ])i‘actical service. 

Where the insurance oflices will not allow any fire, a gas 
engine can bo used with much a<lvantag(' ; in somt‘ cases gas 
boilers have been used, but the advantagi* of economy certainly 
is on the side of the gas engines. In many cases the con- 
venience attending th(‘ir use is so great that nu‘ cost of gas 
is a matter of no moment. 

The (’Ost of unloading goods by st(‘aiii cramps may be tak<‘n 
at 5d. to Gd. per ton; this includes all ex])ens(\s, wear and tear, 
interest on capital, and depr(*ciation, etc., of ])lant. It must be 
borne in mind, the number of cranes must not (‘.Yce<‘d the trade 
of the place, or the cost will be mabn’ially inci’eascMl by the loss 
of dead ca 2 )ital. T}u‘ jxxsitions also of fix(*d cranes should hav(*, 
very careful attention to .suit them to the spcicial re(|uirem(‘nts 
of the particular class of business to b(5 carried on at the place. 

Cost of worJnv(j Stcaia Craitcf< compared wHh IFond Lnhour. 
— Five warehouse cranes cost, for hand labour, at one of the 
large wharves, £5 17s. 4</, per day. Five warehouse steam 
cranes, cost of working, including all eKj)ens(;s, labour, coal, 
wear and tear, interest and d( ‘predation, 3()s. p('r day ; cost of 
coal per week was 2 Os. 

Steam Pipes . — All pipes must be kept at lea.st 6 inch(‘S 
clear of the timbers of a building, and where tliey pass through 
floor boards a plate must be fixed on same to protect them 
from the heat. The same applies to pipes passing through 
any roof; it must be remembered the steam would othenvisii 
dessicate the wood, and render it short and easily fired, 

F 
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All pipes in trenches should be laid to fall to the condense 
boxes ; these should not be further apart than 60 feet to 80 
feet. It is almost needless to say pipes must be coated with 
composition or felted, and well protected from the weather. 
The trenches should be brickwork, and of sufficient capacity 
to get at the joint of pipes. 

Condense pipes, with petcocks, should be fixed in all steam 
cylinders, and means also be provided to drain the steam and 
exhaust pipes, when the machines have been standing any 
time. 

Cast-Iron Pipes should be flanged and faced, with the holes 
drilled and well provided with expansion joints. The best kind 
are copper or iron discs, which do not rust up and become 
useless in the same way as the old kind of sliding joints. All 
bends should be easy, no square elbows used, and where T 
pieces join the main pipe, the junction should be curved to 
allow the steam to flow easily. On various points on the top 
of the main, air-cocks should be provided, which should always 
be opened at fiirst starting to discharge the air in the pipes, 
and also the petcocks at the bottom to let out condense water 
and allow the steam free passage. 

Wrought-Iron Pipes should be flanged in places, and be 
provided with means to allow of easy disconnection and 
to make repairs expeditiously in case of accident. For this 
purpose the pipes should have a valve fitted to shut off the 
steam at various points. The same remarks as for cast-iron 
pipes, as to flanges, etc., apply, and also as to the expansion 
joints. 

At the cranes and hoists, solid bottom cocks are better than 
valves, this allows the steam to be instantly shut oft* in case of 
emergency ; the spanners should always be fastened by screw 
or chained to the cock. 

All blow-off pipes should be fitted with cup and hood to 
take the condense water ; and to save any water falling on tho 
men or the wharf, a small pipe is carried from the bottom of 
cup to base of crane to take away the water. 

The author (as before mentioned) has carried steam pipes 
long distances, in some instances 500 feet to 600 feet from 
the boilers, and, where proper means are taken to protect 
them from the weather, and the above-named arrangements 
are made, very small loss of pressure takes place. 
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Steam Crmes are not affected in the most severe frost, and 
in this way have an advantage over the hydraulic cranes, tluj 
pipes of which are sometimes frozen in severe weatlicr. 

At large wharves, etc., where the work is nearly constant, 
only one man should work each crane ; it is advisable, however, 
to have men in reserve in case of illness or absence. This man 
should be responsible for oiling and lubricating all parts, and 
kec])ing the crane and machinery clean. Good wages should 
be paid to competent men of this class, and enc(»uragement 
given them, in the shape of small advances on their wages from 
time to time, when they do their work well and safely. It is 
a serious mistake to employ incompetent or carehiss men for 
this sort of work, as, in t1u‘ event of an accident occurring 
through their negligence or want of knowledge, heavy losses 
may take place, besides the })ossible risk to limb and life. 
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CHAPTER I. 

WHARF CRANES. 

Wharf Cranes, say, 7 Tons.— The best form of cranes for 
a wharf or quay are as described below. 

The posts are cast iron fixed in a bed plate, in a footstep 
in the masonry of well, where they are firmly keyed. 

The top part of the post is turned. The side frames con- 
sist of two cast-iron cheeks, with top and bottom distance 
pieces bored out at centre, to fit the turned parts of the posts. 

The bod plate is cast iron, strongly bolted to masonry; it 
has a circular rack, or wheel, at the toj), and a conical race for 
the guide wheels to work in. The post is turned at the 
centre, and passes through a boss in the base, and is keyed 
to same. 

The jib is of wrought iron, made in same way as described 
for steam cranes (see p, 43), or it may be of oak, fitted with 
top and bottom cast-iron shoes. At the top is a grooved chain 
pulley, 16 inches to 18 inches in diameter, and at the base 
a conical friction pulley, which works on the race fixed to the 
base. The pin should be turned, and the wlieel bushed with 
gun-metal. Two wrought-iron tie rods, with eyes at each end, 
are fixed to the jib-head and the side frames, with stays and 
rollers to keep them apart and take the weight of chain 
when slack. 

The gear is double or treble purchase, the barrel being kept 
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as low as possible, and of suflScient length to coil, say, 25 to 
30 feet of chain. The steering gear is at the back of the 
crane. 

The brake wheel is usually cast on the side of largo spur 
wheel. The strap should be wrought iron lined with wockI, 
The brake should Tiever be applied on the teeth of the spur 
wheel ; it is very <langerous, and serious accidents have 
happened through this being done. 

For raising heavy weights, a movable pulley is used ; but 
when lighter weights are retpiired, this is dispensed with. 

It is advisable to cover over the working gear by a hood, 
made of sheet iron ; this protects the machinery and also acts 
as a shelter for the men in wet weather. 

All wheels should be bored in tin' boss, and all shafts turned 
It is advisable also to tip the toj)s of the te(‘th of the wdiet^Is. 
The pinions should have side shrouds, and not less than twelve 
teeth. The radius of the winch handles should not bo more 
than 18 inches — the usual radius is !(> inch(‘s; and the heiglit 
of tlie centre of the shaft not more than 3 feet 3 inches fi’oju 
the ground line, or where tlu‘ men stand to w^ork. 

The bearings should be wide, ecpial to, say, 2 b) 2J times 
the diameter. 

The cliains should be of ample stnmgth, and not worktsl to 
more than \ proof strain. It is to be further observed, when 
heavy goods are lowered by brake, care shouJ<l be taken not 
to subj('ct the crane to heavy shocks by suddenly putting on 
the brake. A notice to this (*fiect should lx* posted on the 
crane; it may be the means of avoiding accidents and con- 
sequent loss. 

Foundations should be of brickwork, resting on a good 
concrete base, with York base stone at to]), not less tlian 10 to 
12 inches thick. All the work should be done in Portland 
cement, and where the soil is of a soft nature, piles should bo 
driven, cut ofl’ at the top, and then 2 )lanked over; on this 
platform the concrete base should rest. It must l)e bonie in 
mind, the first cost of a good foundation will be more than 
saved by the decreased wear and tear of the crane in working. 
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Portable Cranes. 

The general form of this class of crane^ in the details of the 
working gear and arrangement of the parts, is the same as 
above, except that the post should be wrought iron, and the 
oast-iron base plate fixed to a trolley on four wheels. 

The gauge of the wheels is usually made to 4 feet 8 J inches, 
to run upon a railway if required, or to any gauge to suit the 
special case ; the centre of the wheels should be weU spread, 
to give a good base and ensure steady working. The frame 
is usually made of wrought iron, and the base plate of crane 
bolted directly on the top ; the side frames are made with long 
tails, to carry a counter-balance box, which is adjusted to suit 
the varying loads to be raised. In addition to the counter- 
balance, the wheels are usually clamped to the rails when 
lifting a load. 

Wrought-Iron Jibs in both the fixed and portable cranes are 
preferable to wood, more es])ecially in hot or wet countries ; 
the wood is liable to decay, and rots or shrinks in the cast- 
iron sockets. The radius of the jibs can be made adjustable, 
suitable to various conditions of work ; this is not usually done, 
unless special instructions arc given. In ordering or specifying 
this should be expressly stated. It is not, however, desirable 
to have this done unless the work requires it, as the cranes do 
not work quite so steadily as when the jibs are of a fixed 
radius. 
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CHAPTER IT. 

DERKIOKS. 

Derrick Crane. 

These cranes are mostly constructed of timber, are made to 
take apart easily, and can be transportiul from jdaco to place ; 
they are very suitable for temporary work, either for light or 
heavy weights. They are easily taken ai)art wlien required 
to move them to another spot. 

The working gear is the same as the ordinary crane; the 
radius of the jib is adjustable ; th(‘y can be iixed at the top ol* 
a building, to haul up the material, and art^ usually in this 
case fitted to work by hand or steam pow(‘r. 

The base timbers in any case must be well spnjad, and cither 
loaded or strongly bolt(‘d to tlie ground or platform it rests on. 

The best material to use in construeti(ui is oak, but in most 
cases they are made of fir, on account of portability and 
economy as to cost. All the junctions of the various parts an* 
iron sockets; the timber should be kept well painted, to 
preserve it from the action of the w(*ather. 

The gear is fixed to a bed plate or frame, and Ixdted com- 
plete to the post ; much care is necessary to ensure tliis being 
quite true, to avoid undue strain upon any of the jiarts. 

Foundry Cranes. 

The best kind are made of wrought iron with two i>owerH, 
one for light and one for heavy weights, and are fitted also 
with a racking out motion. 

The post is made of two trough girders with angle irons 
on the inside. The jib or top member is formed of two girders 
of the same class, leaving a space between for the chain to 
work between. 
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There are two diagonal struts of same section rivetted to 
the post and jibs. 

The working gear is of the usual kind, with the racking 
out motion worked by a separate winch handle. 

The post works in cast-iron steps, at the bottom firmly fixed 
on a stone base, and at the top in a bearing fixed to the timbei s 
of the roof. 

For foreign work it is advisable to construct these cranes of 
timber, as in case of fracture they can be easily repaired, and, 
where suitable material is at hand, the timber parts can be 
made on the spot, and so save the cost of freight and carriage. 

The gear in this case is self-contained in a cast-iron frame, 
and bolted to the wood post of crane. 

Platform Cranes for Loading Carts, etc. 

These are usually made of timber, with gear to work as 
before, except that an endless chain, working on to a spocket 
wheel, is used to raise the load. In this case all the gear is 
fixed at the top, and the post is left clear. 

Cast-iron steps top and bottom are fixed for the post to 
turn in. These pivots are made of cast iron, with sockets 
to receive the timber. 

In some cases these cranes arc made of wrought iron, as 
for railway coke platforms ; upon the whole, they are the most 
suitable. The author recommends theii* use where first cost is 
not an object, as the difterenee in expense is not large. 

They are usually called whip cranes,” and are much used 
in goods’ sheds and railway depots to load and unload carts 
and wagons. All the working gear being fixed at the top, 
much room is saved at the loading stage, and greater rapidity 
of working is obtained by this kind of gear. 

Shear-Legs, 

For raising a weight at one spot, where no swinging is 
required, the best plan is a tripod, fonned by three baulks of 
timber or good poles. The lower ends are shod with iron, and 
a spike at the bottom of each, to prevent slipping or spreading 
out when lifting the weight. The top of each timber has a 
wrought-iron strap bolted to same. A bolt passes through all 
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three legs with a strong shackle, to which the lifting chain is 
attached. 

A crab motion is either fixed to one of the legs or a separate 
crab used. This kind of apparatus is very useful, especially 
for temporary purposes ; it is both strong and portable, and 
can usually bo constructed from the material to be found in 
most localities. Good sound scaffold poles, as free as possil)lo 
from knots, are very suitable for the pui-poso; they should bo 
nearly same diameter at top and bottom. 

Shear-Legs, with Racking Out Movemknt. 

These are suitable for loading and unloading heavy boi lei’s. 
Wlien on a large scale, the legs arc made of wrought iron, in 
the form of a tube ; the bottom of each log being attached to 
a powerful cast-iron base plate by hinged joints. The back 
strut or stay is also of wrought iron and attached to a sliding 
plate working in a strong base plate, and coniu'ctod by a pin 
to the top of the two legs. 

The crab motion for lifting is of the usual kind, with a 
separate set of gear to rack in and out th(‘ ](‘gs as i‘e(|uir(Ml. 

These are, as a rule, only use<l in a large boiku*, ship, or 
Government yard, but the same kind of a]>paratus mad(‘ of 
wood is also very useful for temporary works, and can bo 
rigged up by any good carpenter and smith. 

Derrick, with Two Legs Fjiameh. 

For temporary work two legs are framed together, shod 
with iron at the bottom, and stand u])on a baulk of timlier. 
Three guide ropes keep the legs in position, and, by adjusting 
the cords, the load can be moved to any reciuired spot. When) 
much work has to be done and the legs wanted for some period, 
they arc fixed at the bottom to a frame fitted with wheels ; 
this is not only more convenient for shifting the legs from 
point to point, but gives facilities also for taking up the load 
at one spot and depositing it at anotlier. The legs in this case 
are moved by s])ur gear connecteel to one pair of wheels. The 
power applied to lift the weights may be hand power by crab 
motion, or by a steam hoist fixed near the spot, the chain 
being led to the legs by guide pulleys. Sp(‘cial arrangements 
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are made to allow of the range of movement required for the 
particular case. 

A single scaffold pole is also sometimes used, and, with 
skilled men, heavy weights can be raised ; the pole should he 
shod as before, and should have very little taper. 

There are various other kinds of derrick to suit special 
requirements ; the author, however, thinks they need not be 
more fully described here, as, with the aid of the above details, 
many other forms can be devised by an intelligent man. 
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CHAPTER III, 

WAHEHOUSE JIBS. 

The best form are wrought iron, as described for the steam 
cranes (p. 50), made with flat bars. 

The working gear is an ordinary era!) (for descrij)tion, see 
below) ; this is either fixed to the floor inside the building, or 
of special make and fixed to the wall. 

In some cases the crabs arc fitted with a counter-balance 
motion to bring up the slack chain. 

The old style of jib was made with round or sepmre iron ; 
it is not, however, such a good form as th(‘ one above, and the 
author does not recommend their uses 

Crabs (say 40 Hitndkepweight) 

Are made with single and double purchase gear. The most 
usual forms have two cast-iron side fmmes, witli bored bosses 
for the shafts to work in. To ensure truth, the two frames 
should be bolted together and the holes bored out at the same 
time. All the holes should be bushed with hard gun-metal, 
bored out for the spindles to work in. 

The spindles and shafts should be turned, and the wheels 
bored and keyed on same with sunk keys ; fiats on the shafts 
do not make good work, and should never be used. 

The barrel should be bored at each end, and keyed to the 
spindle. The brake wheel may be cast on the side of the spur 
wheel; it should not be less than 1 inch thick, and 2 to 
inches wide. The straps should be wrought iron, and the lever 
should have sufficient power for one man to hold 1| ton easily. 

Where the crabs are for inside use, the brake strap should 
be lined with wood. The side frames should be H section, 
and have four wrought-iron collared stays, to keep them the 
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proper distance apart. These stays should be (for 40-hundred- 
weight crabs) 1 J inch in diameter. The feet of side frames 
should be wider than the sides, to ensure a good, firm base, 
and should have a bolt hole in each foot. 

Much greater care should be given to the selection of crabs 
than is usually done, in consequence of which and owing to 
the competition which exists, very imperfect apparatus are in 
the market, and too often get used, and in many instances 
serious accidents are the result. 

In i)urchasing a crab, or in specifying for one, whatever 
weight is required to be lifted, it should be stated that “ it 
must he lifted direct from the barrel f otherwise, the purchaser 
will be told “ it is never done except with the aid of blocks,*' 
and he will get a smaller and much less valuable apparatus. 
This partly accounts for the large difference in the prices of 
diflerent makers. 


Jacks 

Are used in various forms. The one known as Haley's " is 
one of the best, and not likely to get out of order. 

The common screw or bottle jack is very useful, especially 
for under})inning walls, etc. ; it is simple and not liable to 
fiacture, and is perfectly safe. 

The hydraulic jack is also useful ; they are, however, rather 
apt to get out of order, and, for a foreign country, are not on 
this account to be recommended 

Differential Blocks. 

These very useful apparatus have been most extensively 
used, and in various modified foims. 

The great advantage gained by their use is — when raising, 
the load will stand without making the chain fast, and in 
lowering, it can be done as required, and with no danger of 
the load running away. The chains want renewal in three 
or four years when much used, as the links slightly stretch 
and get out of pitch ; this causes the chain to slip upon the 
wheels. 

These machines have stood the test of many years, and from 
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the author’s experience of their use, extending over about 
twenty years, they can bo confidently recoinmonded. 

Useful application of the above , — A rail can be fixed to the 
roof or to the main timbers under the ceiling of a building, 
and a small carriage on two wheels, with hook at bottom, can 
be run on the rails ; and by means of one of the above blocks a 
load may be lifted and run to any part of the place. The rail 
may be curved if not of too sharp a radius. 

To deliver sacks of com, etc., from a doorway to a distant 
part of the warehouse, one rail is fixed with an incline from 
the door to this spot ; it ends in a curve, and another rail is 
fixed inclined the other way back to same spot. A small 
carriage mounted on wheels runs on the rails, the carriage 
being suspended under the rails. These are very useful 
machines, and can be easily constructed by any handy smith. 
The patent blocks must, of course, be obtained of the maker. 
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CHAPTER IV. 

HAND POWER LIFTS. 

The most important kind of machinery of this class are lifts 
for warehouses and public institutions. As this class of work 
has not in many cases received that attention its importance 
deserves, full details are hereafter given, which will enable 
the architect or engineer to specify what he requires.. All the 
examples described are from works actually executed by the 
author, and which have stood the test of many years' successful 
and safe working. Many modifications may be made from the 
various types given to suit special cases without alteiing the 
general principles on which they are constructed. 

Warehouse Lifts for 10 Hundredweight (Drawings Nos. 
47, 48, and 49). 

The Cage, or Ascending Room, should be constructed as 
follows. The lower frame should be a ring of L iron, 3 
inches by 3 inches ; on this are l)olted oak or beech boards 
IJ inch thick, to form the bottom, and battens running 
transversely fixed on the under side to strengthen same. The 
front or loading edge of the bottom should be protected by an 
iron plate, let in flush with the top of the boards. 

Two suspending irons at the sides are rivetted to the lower 
L iron frame, with cross lifting bars at top, say, 6 feet high 
from the bottom (the height of this will depend upon the 
size of goods to be lifted) ; these bars should be 4 inches by 
I inch each ; the ends should project 2| inches beyond the sus- 
penders, to form rubbing guide plates. On the bottom of the 
suspenders two 4 inch by i inch plates are fixed each side for 
the lower guides. To keep the suspenders rigid, two diagonals 
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must bo rivetted on each side to take the thrust. At the centre 
of cross bars a wrought-iron plate is rivetted l)etween the two 
bars, with a hole to receive the shackle of chain or rope ; the 
hole should be driUed and the edges rounded to prevent any 
cutting of the shackle. 

The Guide Bars. — T iron 3 inches by 3 inches by ^ inch. 
They should be back plated at the joints, and the ends scpiared. 
They must be erected vertically and dead pluiub on the faces, 
and bolted to the joists at each floor ; if the height of same 
exceeds 0 feet, they must be fixed to interiuodiate tiinbei’s to 
keep them rigid ; after they are fixed in their place, tlio front 
edges must be filed down and all irregularities removed, care 
being taken to make the joints fair. 

The clearance at any j)art between the gui<les of cage and 
the bars must not exceed J inch. 

The rope working the lift passes over a spocket wheel at 
top, of a diameter ecjual to the J width of cag(% and th(' centre 
of the counter-balance at back. In most cas(‘s the whed will 
be about 20 inches to 24 inches in diameter at the pitch 
line ; the shape of this groove is very im|)ortant. The rope is 
gri])ped by the groove of the wheel, and passes direct to 

The Counter- jiALAN or — This is a flat iron widght, rather 
less than the weight of the cage, with two gi’ooves j)]aned out 
at the sides. The top ])art of the weight has a pocket, to add 
loose weights if rc(|uired. 

Two L iron guide bars, lA inch by 11 inch by inch, are 
fixed at the back of the table on tiinb(‘rs. The same remaiks 
as to fixing apply to these irons as well as to the main guide 
irons. The weight should not have more than J-incli clearance 
at the bottom of the grooves. The shape of the counter- 
balance should be narrow and long, to form a better guide. 

Gear to work Lift. — The sj)ocket wheel is keyed on to a 
shaft, on which is also keyed a spur wheel and brake wlujel. 
Motion is given to the lift by an endless rope passing through 
all the floors ; thimbles are fixed at each floor to prevent the 
rope cutting ; this rope works a large spocket wheel, say, 3 feet 
6 inches to 4 feet in diameter, keyed on to the fii*st shaft at 
top, on which is a pinion with a sliding clutch ; this pinion 
gears into the spur wheel on the spocket lifting wheel (second) 
shaft. 

By means of a lever and rods passing through all the floors, 
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the gear can be thrown in and out, so as to allow the cage, 
empty or full, to fall by its own gravity. 

A brake wheel is also keyed upon the spocket wheel shaft ; 
a cord from the lever passes through all the floors ; the lever is 
fitted with a counter-balance to throw it out of gear. 

The rod working the clutch gear is made to swivel at the 
top, and has a handle at each floor ; when the rod is raised or 
lowered to throw the spur wheels in or out of gear, the handle 
is turned half-way round, and rests upon stops fixed to the 
side posts at each floor. 

The endless working rope at the bottom works in a grooved 
wheel of the same diameter as at the top; it works on a 
bracket, in which is a long slot to take the pin on which the 
wheel turns ; this allows for expansion and contraction of the 
rope, according to the weather. In a long rope for, say, a lift 
of 50 feet, this will alter 3 inches to 4 inches in length, espe- 
ciaJly in damp weather. 

In cases where the foundations may not be dry, the wheel 
must work in a cast-iron box sunk in the ground, to protect 
the rope from wet and moisture. 

Safety Chains should be fixed on side posts at each floor ; 
and the lift hole lined at the sides, to prevent goods, etc., falling 
out from any of tlie floors. 

Safety Gear, to prevent accident in case the rope breaks, 
should be fixed at the top of tlie cage. This gear is specially 
described (sec p. 5b). 

Brakes. — There are two plans of working those : first, by 
keeping tlie brake alivdf/s on, by means of a counter-balance 
weight on the lever ; second, hrahe off, and rope to pull the 
saiiie into gear. 

The fii-st-namcd is the safest plan. In case the man working 
gets nervous or frightened, he usually lets go the rope; the 
brake is then in immediate contact with the brake wheel, holds 
the load, and so saves an accident. 

In the latter case, whei’e the brake is held in gear by the 
rope, small lengths should be spliced in the rope at each floor, 
with cleats to make fast to, when the cage is required to be 
held at any point. 

Tlie brake straps should be lined with beech, well fitted to 
the brake wheel. Amjile power should be provided in the 
levers to ensure one man holding the maximum load safely. 
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Hwn Pi>WEn Passenoku Lifi' (shown in DkuvIivj: No n^V 
The ilotails an‘ innoh the same as Drawings Nus. S7 and 
except that the cage is eoi^structod in a tlilfereiit way, and 
lined at the sides with wootl, with a r(K>f at the top also ot 
wood. The working rope, in this case, is at the front of the 
lift. The guide bars are cast iron, planed, fixi^il on tiinher 
runnel's, and erected in tlu* same wn\ as described for hythaulic 
pa.ssenger lifts. 

Well 1 Tolls ron l.ii'rs — In new buildings, it is ailvisabh' to 
Construct these in briek\N oi k, aecount oi‘ ilu' risk from fire. 
In several iustams^s, in (he author's (*\pi‘nt‘n(H‘, wIhmi a tire 
has c<nninenc(s] in the basiMiient or gr aind llo<»r, wan'hoiises 
have bt*(‘ii iovvmI by the flames iiishing up tlu‘ lift hok^ 
an<l firing each floor in its ascent IO\peri<'nce has shown that 
wdii'n* lift holes are of briek work, and (‘N(‘n only w»>od tloors 
or sbiitters at the \arious floors, the llaim‘s havt‘ siin]>!y run 
up to the roof, ami burnt that poi(i<in, leaving the rest of the 
buihling niitouelie<l. The (ire itisuramM* rates ar(‘ aNo h'ss in 
this cas<‘. d'lu‘ autlior ad\ isi's waodiouse lv(‘ep(*is and o(h(*rs, 
in cas(‘ of tire in th<‘ low<‘r part of tht‘ pla(*(‘ in the (la\ lime, 
to liaNe, if possibh*, all the lift hole doois closial at on(*(‘ ; thi' 
damage will then he confined to the inftoior of sanie. Of 
course*, every night all the shutters ami doors shouhl b(* closisl 
and locka’d. 

l)ooits TO THL liliT Hole at th(‘ variou-n floors. For these 
ilu' autlior ])ief(‘rs wood, ami usually made like an ordinary 
room door or a sliding shutter In plaei .s \vhi‘re tin* jmhiic 
liave admission, the dooi"- should have pal(*ni locks, and be 
only capalde of opening, by the attendant in tin* cage, from 
the iiisitlr of th(‘ lift hole 

Roi*ks arc the most preferahh* for lifting, and slionid always 
}»<» of ample pow'cr; for 10 hnndrcdw ('ight, not less than 
JU inches in circunifcreiice ; 15 ImmlnMl weight, 4 inches to 
inches in eircuiuftTimce. The eialless rojies sliould 
JIl inch<*.s in circumfereiuM*, to give a good grip to lh<‘ hand, 

lirt(ke 21 inches to *‘1 indies in circumf(»rence, for ilu3 

same reas(»n. 

It is advi.sahle to examine tlie rojies and all tlio gear once 
per mrmth ; and also in te-,t the safety a}>j>aratus/' to make 
bun* it is in perfect w<jrkiiig order, 

G 
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The various parts of the lift should be made of sufficient 
strength to stand the shocks it may be liable to from having 
the brake suddenly applied when a heavy load is in the cage, 
or from the rough usage that such apparatus get from the 
class of men who have usually to work them. 

Warehouse Lift, with Gear below (Drawing No. 50). 

There are many cases where goods have to be raised and 
lowered from the ground floor to the basement, and where the 
gear cannot be fixed at the top ; in this case all the working 
gear is fixed in the basement. 

The Table, or cage, is constructed in much the same way 
as before described, except that the framing for guides, lifting 
bar, etc., is inverted. The least depth for tlie iron cross bars, 
to which the guides are fixed, should be 3 feet ; this is for the 
purpose of keeping the rubbing ])lates at a sufficient distance 
apart, to ensure easy working, and prevent vibration. 

The guide irons and counter-balance, etc., will be the same 
as before, oxcei)t that the latter, with its guides, may require a 
different arrangement to suit special cases. 

Working Gear is usually a special crab motion fixed to the 
floor of the basement ; this is fitted with a winch handle and 
fly-wheel, or with a grooved wheel and endless rope. Two 
chains arc attached to the cross bars under the table, one on 
each side, passing over two grooved chain wheels, fixed under 
tlie ground floor line ; at the other sides, two chains pass over 
pulleys, and are attached to the counter-balances, which slide 
in L-iron guide bars, as before described. 

The table and framing are sunk into a recess in the floor of 
basenuent, formed of a rebated cui b of oak. 

When the table is run up to tlie toj>, it forms part of the 
floor, and can be secure<l by bolts for safety, or may have a 
lock, as described for the bank lift at p. 37, but of a less 
expensive kind. 

Warehouse Lift, with Gear below. A. 

This modification of the above plan, to suit special reipiire- 
ments of the work and building, is: — 

Tcdde and Guides ^ etc., are arranged as before. 

Working Gear , — Two endless pitch chains, one working on 
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each Riilo i>f tho are attached to the croas har, anti pa^^s 
over two pitch chain wheels at the top under the floor, an<l 
two at the basement sunk under tln‘ door ; iiit)tit)n is i^iveu 
from a ci*ah as belon^ des<‘rilH'tl, and by mt'ans of another 
ondlcRs pitch chain working on wheels on the shaft on wlucli 
the two lower ifitch chain whirls are keyed. Krakt' <jft'ar, etc., 
is also attached to this shaft in same way as before deseriluMl. 

No wheels (excej>t the crab) are above the lloor line, either 
at the to}> or basement floor. 

Warkhovsk Lift, with (Jkau uf.low. B. 

This is constructed on much the sanu* plan as above, except 
tliat the shaft, havini^ tl»e tt»oth whi‘els m^arino on to the pilch 
chain, is fixed at the /o/>, umler the (ahhx "J'wo pitch cloiins, 
<uu‘ on t‘ach side of the table, an‘ attached to the liflin;!;* cross 
bars, and pass over tlu‘ tooth wlns'ls to a counter-balance on 
each side. On the sliaft at top is keytsl another toolli 
wheel, wluch, by im‘ansofau tuidle^j^ pitch chain, is j^eared to a 
crab motion of the same construction as befon*. 

Tins class of lift is specially suited to a cellar wluTt^ then* is 
little head room, and where, owin;^ to t!u‘ foundations ami 
other causes, no ^^‘ar can Ik* \vork(Ml below tlu‘ bascimmt line. 

Tlic chains for this class of lift uiust be of the b(‘st kind. 
A ;i^ood form, and one inneli usc<l by tlu'anthoi’, consists of srjuarcj 
links madt' of round iron, with fiat S connecting links of hooj) 
iron, s(‘cu red by oiio riset at tb«' lap. They an* most n*liablo 
chains, not subject to fractun*, and easily repaired by puttin'^ 
in new links; ^q*eat care is reipiired in tin* manufacture to 
(‘iisurc that all tin* links are <*\aet to pitch. 

Tln*re an* several otln*!* adapbitions of tin* altovi* class of lift; 
but they aie only used fbr very special circumstances, tlH*y 
need not here be noticed. 

Ckllah Lifts, Ixc linkd (I)rawin^^ Nr>. 51). 

In homo cases it is advi‘>ial>le to construct the lift to allow 
the table to rise and fall upon incliue<l si<le j^inlers or j^uide 
bars. 

The fi;ear for raisin;^ and lowcrin;j; the* load is mucli the .-»aiiio 
as before described. 

The table is uunle of an angle iron frame, w ith wood to[»and 
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with iron framing below, fitted with four friction wheels with 
flanges. 

Guide Girders may be of wrought iron, trough-shaped,” 
and on the lower flanges of these tlie wheels of the table run ; 
at the top of the girders a cross girder takes the chain wheel 
and its carriage. 

The chain to raise the table is attached to a cross bar under 
the table, and thence passes over the pulley to the crab motion. 

The details of counter-balance and guides are much the same 
as before, and must be ai'j-anged to suit the circumstances of 
the case. 

Screw Lifts, 14 IIUNDREDWEiGirT (Drawing No. 52). 

The Table is made the same as described for No. 50. On 
the under side is fixed a screw inclu's in diameter, with a 
squai'C thread ; it works in a gun-nmtal nut, fitted in the boss 
of a bevel wheel. Tlie screw ris(‘s and falls in a ]>ipe sunk in 
the ground, and is work(‘d by w1uh‘ 1 gear and fly-whe(‘]. The 
table has two counter-balances at the back, lainuing in L guide 
bars, as beic>re. 

To ])revtuit undue friction and relieve the pressure on the 
nut, the wt'ight of the table and screw ar(‘ ovcnbalancM'd ; the 
vdieel in which Ihe nut is fixed has a groove cut in the boss, 
and a cli]) working in this groove attaclied to the cylinder 
head jmwents the whet‘l lifting. 

This kind of lift is rather slow in working; the speed, wdth 
one man and 11 hundredweight to raise 10 feet, being two 
minutes to two minutes and a half. It is, however, absolutely 
safe, and well suited for raising and lowering valuable goods, 
such as casks of wine; it also has these advantages — it must 
be W'orked <lowm, and at about the same s|)(*(m 1 as raising; it 
cannot run away if left aloms ami does not recpiire making 
fast at any point of its tu-urnf or diMruf ; the motion is 
steady, and t1»ere is no noise in working. The wear and tear 
is very small. 


Rack Lift. 


This is constructed in the same way as the above as to 
table, guide.s, etc., but is worked by a toothed rack attached 
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to the under side of tlic table in lieu of a screw. The crab 
gear is much the same as l)ofore. The pinion working in the 
rack slumld bo wrought iron, pitched and trimmed. 

Th(* rack should be strong, broad in tlie teeth, and wt'U 
guidt*d on both sides, in the same way as ilescribed for Uh^ 
liydrauiic lift (see p. 3S). 

Tins form of lift is not generally to l»e recommended; it is 
not so safe as otliers ; where, however, the goods arc not of 
much value, and not liable to fracture in ease of falling— the 
action of the gear being rapid botli in raising and lowering — 
they can be used with some advantagt*. 

Tbe.^e lifts art* som(‘tiines driven by steam powtT; in ibis 
c^l^e liie driving grar slumld be tot>thed wheels: belts with 
wood and iron teeth are not safe to use. 

Endlkss Lifts. 

These may hav(' hand motion a])plit‘d; they are dt'scrilied 
al p ">b, and eaii be inad<‘ in vaiioiis h>rms. ^fhey are suitable 
fnr liulit j)aekag<%'^ ofoiu* size and weight, ami where tlie goo<ls 
l<t he transferred are in large (juanlili(*s, and Ibr tin* purposij 
<»f j)issing them fioin Hour to lloor, either for stt)ring or to 
another pait of tlie place w'heie the ms\t process in their 
manula<*tnre is to he eairit‘d out. 'Ho'y work slowly, and liavo 
to he dr^igned to suit tlie .special recpiiienieiits of the case, 

ItopF. ANi> 1 >(;(Ki:t Lift. 

This is a very ns<‘j‘ul lift for taking up book.s, ]>ap(*rs, etc., 
eitlier from <»nc tloor to armther or U]> a staircase, especially 
wlu re there an* no means of fasl<*ning to the Doors, (*te. 

Lither single or doulDe wheels arc fixed at toj» and bottom. 
An endless wire ro]K; ]»asses over these, liaving buckets or 
])v>ckets attached at various points of tluj rop(3 ; in these 
ivcs^aaclcs tluj lu^oks, etc., are placed, 'i'lley are imiselcss 
in action, very simple, the cost is small, and they can be 
tixed by an inteHig<*nt inecbanic. 

LoWi:uiN(i Ma<iiinls (Drawing No. 53;. 

Jlacbiues to casks and oilici goods, aie made self- 

acting. 
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The table, guides, etc., are the same as before. The weight 
of the table is overbalanced by the counter- weight. 

No gear is required except a top wheel, shaft, brake, and 
lever. As this class of machines are subject to heavy shocks, 
they must be made very strong, and all parts rigid and free 
from vibration. 

In the case of beer casks, part of the centre of the table is 
sometimes left open, and by means of a spring in the lower 
floor the cask is ti{)i)cd oft* the })latform, and by rails falling 
from the machine, is run away to the ])lacc required. 

The brakes in those machines should always he on, and the 
counter-balance rather heavy for sal’ely holding the load. 

The action of the lifts is very ra|)id, and for lowering goods 
the (quickest and most economical process that can be adopted. 

House Lifts for Food, etc. (Drawing No. 54). 

For loads of, say, I hundredweight, the best fonn of con- 
sti’uction is : — 

(\uje , — The lower frame of light angle iron, say, 1] inch or 
2 ineh(*s ; toj) Iraiiie lA-ineh angle iron; coriuT suspending 
irons also lA-inch angle iron. Tlie top ajid bottom flames aie 
diagonally braced on three sides; the iloor, of oak, and tlie 
inside lined with ]>ine, with one or more shelves according 
to the re(piirem<*iits of the case. 

T\\r guide bars may b(‘ 2-inch T iron, and the counter-balance 
guide bars I]-inch L iron. 

Tin* working gear consists of a lnrg(‘ sj»ock('t wheel, say, 
inches to inches in diaimder, with ]>inion on same shaft 
geaiing into a s])ur wheel on the lifting wheel shaft. On this 
is also ke^\ed a brake wheel, titted with le\er, etc. 

The lift hole should be enclosed wdth sliding sliutters at 
each Iloor, and have a hnlge to land the food, etc., on at, say, 
8 feet In >111 the Iloor line. 

House Lifts, Double, and for Light Loads. 

Whore the weight does not exceed 30 pounds, two boxes arc 
used ; the roj>o is attacliod to the top of each box, and passes 
over a central wheel ; anotlier rope is attached to the bottom 
of the lK)xes, and passes over a lower wheel. The guides in 
this case are usually wood, and form part of the enclosure of 
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the Hfl hole. The author, however, prefers l}-inch angle irons 
for guides, as there is much less friction and no noise in work- 
ing. The extra cost is very small. 

VVliere the loatls are heavier, a spocket wheel is keyed on 
tlie top shaft, and worked ly an endless rope passing through 
tlic doors. In this case brake gear is provided, with a rope 
passing through tlie floors. 

Light Lifts of tliis kind, when used at hotels, the host 
jdan is to have one for each floor, to ensure that the various 
tilings ordered get delivered to the jiroper j>lace, and so save 
confusion; tliis applies where special orders arc given for 
various articles, aiul ju’cvents any one on a lower floor taking 
them oil*, and causing confusion and much loss of time. 
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CHAPTER V. 

TRAVBLLEBS. 

The details of the girders and gantry will be the same as 
described for the steam travellers, p. 58. 

The traverser and gear is also the same. To raise or lower 
goods, endless chains from the top gear reach to the ground, 
and, by means of spocket wheels combined with worm wheel 
and spur gear working a barrel on which the lifting chain 
is coiled, the load is mised or lowered. 

Two motions are provided for light and heavy loads. 

The traverser is also worked by gear and an endless chain 
reaching to the gi'ound. 

The traveller is moved on the gantiy by means of a cross 
shaft, to which two of the flanged tram wheels are attached. A 
spocket wheel, with si)ur gear and an endless chain, works same. 

This kind of traveller is suitable for loads to 6 or 7 tons. 

In some cases the men stand on the girder to work it, and 
HO keep the floor clear. 

Traveller for Light Goods. 

For raising wine, etc., up to 20 or 25 hundredweight, two 
rolled joists are fiamed on to wrought-iron end girders or 
plates, on which four flanged tram wheels are fixed. 

The traverser is a small frame on four wheels, as before, with 
a cross bar in the centie; to this is attached a pair of differ- 
ential blocks, by which means the goods are raised or lowered. 

In some cases a worm and worm wheel works a barrel, 
coiling the lifting chain. An endless chain, working into a 
spocket wheel at the top, keyed on the t]*am wheel shaft, 
moves the traveller as desired. 

There arc many modifications of the above, but, as they are 
mostly for special purposes, need not be described. 

A miple girder or bar, with carrier mounted on wheels, and 
a pair of diflerential blocks to lift the goods, is also a very useful 
appliance, and very inexpensive. 

(So-ew LiftH. For the purpose of raising and lowering loads at 
one qwt, a fixed girder and carrier, to which is attached a 
screw, may bo used. The screw has a cap.stan fitted to same, 
with gun-metal nut. These are very useful lifts, and the cost 
very small, added to which they aic safe. 
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HYDRAULIC PRESSING MACHINERY. 


CHAPTER I. 

HYDRAULIC PRESSES. 

Hydraultc Presses being now so much used for pressing 
variou? kinds of goods and materials, the author pro])()ses to 
describe the practical ai)plicatiou of same. As most of the 
presses are on the same general principles, he commcuices with 
the description of one suitable for most kinds of work. 

1()-Inch Hydraulic Press, for 3 Tons per Square Inch 
(Drawing No. 55j. 

Tins consists of a ram 10 inches in diameter, by stroke 
varying from 1 foot 6 inches to 7 feet 6 inches, according to 
the sort of goods to be pressed. The cylinder is inches 
thick, and cast with a round bottom ; it is bored out for 
24 inches in depth from top, and at 6 inches (from the to})) 
has a recess in which is sunk a H Icatlicr collar. The pressuie 
of water coming upon the thin edge, forces it against the ram, 
and so prevents leakage. The cylimler rests on a cast-iron base, 
having a hole in the centre ; this casting has four holes for 
tlie columns at the outer edges. The hca<l is cast off the same 
pattern, the hole in tlic centre being filled up. The columns 
siipiK>rting the head should be best scraj) wrought iron, 3 J inches 
in diameter, with double c<jllars at each en<l ; these slij) into 
recesses in the hea<l and basis and have }»liitcs fitteil over them 
and seciHcd hy bolts to keep them in position. The whole 
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atmiR is taken on the collars, which should be forged solid, 
and turned ; the head and base are also faced at these points, 
to ensure a perfectly even bearing, the collars also being 
turned where they seat. 

The table is about 4 feet 6 inches to 6 feet by 3 feet 6 inches 
to 4 feet wide ; the top is planed, and the bottom has a bored 
boss, in which the top of the ram fits ; the table is not bolted 
to the ram, and in case of fracture con be renewed at much 
less expense. 

The base should rest upon a timber frame, bedded on a 
brickwork or concrete foundation, the cylinder hanging free in 
the middle ; it must not touch any part of the foundation at 
the bottom. 

Hydraulic Pumps. — For a press of the above description, 
two gun-metal force pumps are fixed on a tank containing 
water or oil, one pump | inch to 1 inch in diameter, and one 
1| inch or 2 inches in diameter, and one valve box between 
the two pumps, with loaded safety valve. Each pump has 
a strong wrought-iron lever working through guides, the 
usual plan being to have a casting in the shape^ of an arch ; 
the centre has a bored boss, through which the top of the 
plungers work, and one side slotted to fonn a guide for the 
lever to work in, and the other for a fulcrum. 

When worked by hand power, an extra lever, with a socket 
at the end, is fixed on to the lever of small pumps, to give the 
heavy pressure. 

The above pumps may be worked by hand or steam power 
In the latter case, the best plan is by eccentrics and rods, with 
pins to disconnect when required, and to throw out of gear. 

Such pumps are usually made to give a pressure of 2 tons to 
3 tons per square inck If of gun-metal, they should not be less 
than g inch thick. Phosphor bronze is a very good metal 
to use, being close, and as a rule very sound and free from 
blow- holes and other defects. 

Hydraulic Cotton Presses. 

Those presses in most of the details arc much the same as 
before dcscril>od. 

Tliey have rams 8 inches to 10 inches in diameter, by 5 feet 
6 inches stroke, and in some cascb 7 feet sUoke. 
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The cotton is put into a wrought-iron box from an uppoi 
floor ; this box is mounted on four wheels, and has a door at 
the side near the top to take out the cotton after pressing. 
When filled, it is run under the press, the ram and table rise 
and lift up a movable wrought-iron plate at the bottom, inside 
the press box, pressing the cotton against the head of the press. 
When the requisite pressure is given, the top door is opened, 
the bale is corded or fastened with iron bands, and pushed out. 
The ram, etc., then descends, and the box is run out on the 
rails at the floor level, and a duplicate tilled box run under 
the press-head, when the same operation takes place. 

The size of the bale when put into the press box is 4 feet 
by 2 feet 6 inches by 6 feet to 7 feet high, according to the 
soi-t of cotton ; when finished it is about 18 inches thick, and 
weighs about 400 j)ounds. 

The bales arc pressed as close as possible, to save freight and 
cost of carriage, as bulk and not dead weight is charged for. 

Pumps to work Presses are usually driven by steam power, 
and are 1 inch and 2 inches in diameter, or when in very 
large places, a battery of pumps, say four 1 inch in diameter 
and four 2 inches in diameter, are set in one tank and worked 
by cams or ci*anks. 

To mn up the pross-hea<l and take the first squeeze, the 
2-inch pumps arc used, and by means of gear these are 
knocked off at a certain pressure, and the 1-inch pumps then 
finish. Self-acting valve gear shuts off the pressure from the 
presses when the maximum is obtained. 

For India, where the |)umps are sometimes worked by hand 
capstan, they are arranged in a battery in a circle, commencing 
with 2J inches to 2 inches, IJ inch, 1 inch, and f inch in 
diameter. As the men walk round with the ca})stan bam, 
singing, as they usually do, each })um]) in rotation, by means 
of self-acting gear, is thrown out when a certain pressure 
has iHicn obtained. The natives like this method better than 
working levers — ^it docs not appear to fatigue them so much, 
and the work progresses more rapidly. 

Wood Press Boxes are sometimes used. They are made 
3 inches thick at the sides, and are well bound with iron. 
They arc generally mounted on wheels, and have top doors to 
oj>en. Fixed boxes are not much use<l, on account of the loss 
of time in filling them, during which period the press must 
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idle. These kind of press boxes axe very suitable in 
places where the freight and carriage of machinery arc heavy, 
whore wood is abundant and intelligent labour can be ob- 
tained. There is not much pressure on the sides of the 
boxes. 


Linen and Manchester Goods Press. 

Tliere are usually in a large warehouse ten to twelve 
hydraulic presses ; the diameters of the rams vary from 
10 inches to 12 inches and 14 inches, and the proportion is 
about six 12 inches, four 10 inches, and two 14 inches in 
diameter. All the remarks which follow apply to a plant of 
about this power, the author considering the details would be 
better understood by describing the actual working of such a 
plant. 

The dimensions of these presses are — rams, 10 inches, 12 inches, 
and 14 inches in diameter, and 4 feet 0 inches to 5 feet C inches 
stroke ; tables, G feet by 3 feet G inches ; columns, 4| inches in 
diameter ; heads and bases, 3 feet by 7 feet by 20 inches deep 
at the columns, and about 24 inches at the centre of ribs; 
height from table to under side of head, G feet. Cylinders, 
7 inches and 8 inches diameter, ecpial 4 inches thick ; 10 inches 
diameter, 5 inches thick ; 12 inches and 14 inches diameter, 
6 inches thick. The working pressure is 2^ tons to 2| tons 
per stpare inch. 

Three to live presses are usually worked up at one time# 
Speed of pump shafts about G5 re^ olutions per minute ; the 
pressure pipes arc wrought iron and ^-inch bore. The pressure 
of the steam in the boilers is varied from 30 pounds to 45 
pounds per square inch, to suit the work. 

The quantity packed by each 12-inch diameter press is four 
to six bales per hour ; the presses run up in two minutes, the 
average rise being about 4 feet. The rest of the time is taken 
in packing, etc. Time for 14-inch presses to run up, three 
minutes. 

Kach press packs about forty bales in ten hours. 

The top of the table, and the heads of j)ressus, have strips 
of oak on them, leaving sj)aees ilirough which the iron bandB 
ain) jmssed to secure the bales ; the bands arc rivetted before 
the pi'Ossure is taken oil*. 
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Hydiiattltc Puess Pumps. — ^The pumps for working those 
presses are six in number, and set on a tank or box, the plungei's 
are 1 J inch in diameter by 3 inches stroke. The barrels and 
plungers, with the valve boxes, are all of gun-metal. 

They are worked by a crank or cam shaft of wrought iron 
or steel, 3J inches in diameter, with 3J-inch diameter crank 
pins. The bearings should be at least 4 inches to 4J inches 
wide, and of hard gun-metal. 

The crank shaft is carried on an entablature, with the bear- 
ings on the v/nder »!de of same; this is done to take the 
thrust on the framing, and not on the caps of tlic bearings. 

The connecting rods to the plungers have kniickh* joints, 
and are fitted with a steel plate liner, which is set up by 
a key as wear takes place ; this is for the pur])oso of taking 
the thrust off the pins, and prevent knocking and noise. 

The rods should be inch in diameter at ends, and t \ inch 
in diameter at centres, and made of wrought iron or steel. 
The cross-heads of same, working on the crank pins, ai*e made 
of gun-metal, and the caps strongly bolted, and fitted with 
chock nuts. 

The pressure pipes are wrought iron, and J-inch 1)oj’c, and 
are connected by three 1-inch diameter main pipes to the 
presses. There are twelve plungers to each pipe. 

Each press requires twelve pumps to put on the pressure to 
1 ton per square inch; six are then knocked ofl‘ by self-acting 
gear, and finish with six to tlic full pressure, which vari(‘s 
from 50 to 55 hundre<lweight per sejuare inch. As a rule this 
pressure is never exceeded. 

Safety valves arc provided, one to each set, and one to 
knock off part of each set when the heavy i)ressure comes on. 
These valves are fitted with carefully graduated levers, marked 
for the various pressures. 

The speed of pump shafts is 60 to 05 revolutions per 
minute ; some work as high as 70 ; it is not however advisable, 
as it increases the wear and tear of the gear, and, owing to 
the slip of the water, very little is gained which compensates 
for thia 

The work must be of the highest class to stand the heavy 
shocks to which it is subjected. 



M HYDKAULIC PUESSINa MACHINERY. 

stand idle. These kind of press boxes are very suitable in 
places where the freight and carriage of machinery are heavy, 
whore wood is abundant and intelligent labour can be ob- 
tained. There is not much pressure on the sides of the 
boxes. 


Linen and Manchester Goods Press. 

There are usually in a large warehouse ten to twelve 
hydraulic presses ; the diameters of the rams vary from 
10 inches to 12 inches and 14 inches, and the proportion is 
about six 12 inches, four 10 inches, and two 14 inches in 
diameter. All the remarks which follow apply to a plant of 
about this power, the author considering the details would be 
better understood by describing the actual working of such a 
plant 

The dimensions of tliese presses are — ranis, lOinches, 12inches, 
and 1 1 inches in diaiuoter, and 4 feet G inches to o feet C inches 
stroke ; tables, G feet by 3 feet G inches ; columns, 4^ inches in 
diameter; heads and bases, 3 f(‘et by 7 feet by 20 inches deep 
at the columns, and about 24 inches at the centre of ribs; 
height from table to under side of head, G feet. Cylinders, 
7 inches and 8 inches diameter, ccpial 4 inches thick; 10 inches 
diameter, 5 inches thick; 12 inches and 14 inches diameter, 
(> indies thick. The working pressure is 2\ tons to 2J tons 
per sfpiaro inch. 

Three to five presses are usually worked up at one time* 
Speed of pump shafts about G5 iva olutions per minute , the 
jiressure pijies are wrought iron and ^-inch boi e. The pressure 
of the steam in the boilers is varied from 30 pounds to 45 
pounds per square inch, to suit the work. 

The quantity packed by each 12-inch diameter press is four 
to six bales per hour; the presses run up in two minutes, tho 
average rise being about 4 feet. The rest of the time is taken 
in packing, etc. Time for 14-inch presses to run up, three 
minutes. 

Each press packs about forty bales in ten hours. 

The top of the table, and tho heads of jircsses, have strips 
of tiak on them, leaving spaces through which the iron bands 
ai*e passed to vsecure the bales , the bands arc ri vetted before 
the pi'essure is taken ulf. 
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Hydkaitlto Press Pumps.— T he pumps for working those 
presses are six in number, and set on a tank or box, the plungoi's 
are 1 J inch in diameter by 3 inches stroke. The ba^^‘ls and 
plungers, with the valve boxes, are all of gun-mctal. 

They are worked by a crank or cam shaft of wrought iron 
or steel, 3^ inches in diameter, with 3J-inch diameter crank 
pina The bearings should be at least 4 inches to 4J inches 
wide, and of hard gun-metal. 

The crank shaft is carried on an entablature, with the bear- 
ings on the under side of same; this is done to take the 
thrust on the framing, and not on the caps of the bearings. 

The connecting rods to the plungers have knuck](‘ joints, 
and are fitted with a steel plate “ liner,’' which is set up by 
a key as wear takes place ; this is for the ])urpose of taking 
the thrust off the pins, and prevent knocking and noise. 

The rods should be IJ inch in diameter at ends, and incli 
in diameter at centres, and made of wrought iron or steel. 
The cross-heads of same, working on the crank pins, ai’e made 
of gun-metal, and the caps strongly bolted, and fitted with 
check nuts. 

The pressure pipes are wrought iron, and f-inch bore, and 
are connected by three 1-inch diameter main pipes to the 
presses. There are twelve plungers to each pipe. 

Each press requires twelve pumps to ])ut on the pressure to 
1 ton per square inch ; six are then knocked ott’ by scOf-acting 
gear, and finish with six to the full pressure, which vari(*s 
from 50 to 55 hundredweight per scpiare inch. As a lule this 
pressure is never exceeded. 

Safety valves are provided, one to each set, and one to 
knock off part of each set when the heavy })r<jssure comes on. 
These valves are fitted with carefully graduated levers, marked 
for the various pressures. 

The speed of pump shafts is 60 to 65 revolutirms per 
minute ; some work as high as 70 ; it is not however advisable, 
as it increases the wear and tear of the gear, and, owing to 
the slip of the water, very little is gained which compensates 
for this. 

The work must be of the highest class to stand the heavy 
shocks to which it is subjected. 
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Special Pumping Engines for Hydraulic Presses. 

Engines and Pumps combined are sometimes used, con- 
structed upon the following plan. The steam cylinders are 
horizontal, and the engine coupled and fitted up in much the 
same way as those described for hydraulic crane work; the 
pumps are worked direct from the piston rod, and vary in 
number according to special requirements. In cases where 
these direct-acting engines are used, they only pump for the 
presses, and do not drive other work. 

Another plan is to attach a pair of steam cylinders to the 
battery of pumps, made as described at p. 93, the tank having 
a projection cast at each end to form a base plate for the 
cylinders, which are fixed outside the tank and entablature 
at each end. A throttle valve in the steam pipe is worked 
by special levers from the safety valve, to control the speed 
of the engines to suit the work to be done. The founda- 
tions for pumping apparatus of this kind must be solid and 
good, and the bed plate well fixed to same, by long holding 
down bolts and plates. 

Engines for Working Pumps of Presses, 

For a plant where twelve presses are worked, say, six 12-inch 
rams, four lO-inch, and two 14 inches in diameter. 

To work this number, it requires six sets of pumps, six in 
each battery, equal to thirty-six total. 

Engines . — One pair coupled cylinders, 20 inches in diameter, 
by 36-inch stroke. Speed, 50 revolutions per minute. Pressure 
of steam, 35 to 40 pounds per squaie inch, and 50 j)ounds 
when full work is on. 

Expansion gear should be fitted to the engines, and a good 
governor to regulate the speed, as the work varies very much. 
Steam is usually cut off at § the stroke ; this depends upon 
the work. 

One fly-wheel, 13 feet in diameter by 9J inches wide by 
12 inches deep. This wheel should be turned, the edge on 
the rim, and well balanced. 

The crank shaft is 9 inches in diameter, and the bearings 
12 inches wide, and made of hard gun-metal or phosphor 
bronze. 
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Sufficient power in the et^gine is pi’ovidikl to work, by steam 
or hydraulic power, the cranes and hoists in the wai'ohouso. 
For a plant of this size there would be about four or five 
cranes and three hoists, each capable of raising 10 to 12 
hundredweight, and probably one or two hydraulic passenger 
lifts, to raise 10 hundredweight each. 

BoiLERa — ^Two Lancashire, 6 feet 6 inches in dianioter, by 
24 feet long; two tubes, each 30 inches in diameter. One 
boiler only is worked, the other is a spare one. 

Pressure of steam required varies with the work ; for three 
presses at one time, say, 30 pounds to 35 pounds per square 
inch; and five presses at full pressure of 2J tons per square 
inch, say, steam, 45 to 50 pounds jxir square inch. 

The boilers are ustially placed in a separate building, to 
reduce the risk from fire and keep down the rates of in- 
surance. 

General Remarks. — When five presses are at work at one 
time there are usually ten to twelve presses altogether, it 
being arranged that the extreme pressure can be taken with 
three or five presses ; while the bales are on, the othcir ones are 
being finished, and the rams run down, and tables reloaded. 

Very special arrangements require to be made in the pipe's 
to take off shocks. The valves used for letting on the pressure 
must be gun-metal, and of the best manufacture. 

Hydraulic accumulators can also be used ; the pressure is 
more continuous, and can be stored up by the engines when 
the presses are out of gear. 

This is a case where a differential accumulator can 1)0 
a])plicd and much power saved, by reducing the water used 
and consequent amount of pumping. 

Hay Pressing. 

For bundling, the commencing press is 6 inches in diameter, 
by 7 feet 6 inches stroke. Three or four trusses are usually 
put into the press ; this is about 6 feet high, when ])rcssed one- 
half, the bundles are taken to a 10-inch press, of about 3 feet 
6 inches stroke, to have the final pressure, which is usually 
2| tons to 3 tons per s<iuare inch. The thickness of the halo 
when finished is about 12 inches. 
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The quantity pressed by two men in twelve hours is about 
S tons. 

One ton of hay (ship’s measurement) varies from 110 cubic 
feet to 180 cubic feet, the lO-inch press will biing it to 
130 cubic feet ; hence a large saving in freight. 

One set of pumps, 2 inches and 1 inch, will work two presses, 
and an engine of C to 8 horse-power ; the power used depends 
upon the speed re(|uired in pressing It often pays better to 
employ larger engines and larger pumps to turn the woik out 
quicker. 


Davis’s Patent Plan 

Small presses are used, say, 7-inch to 8-inch rams, by 4-fect 
stroke. At the i)ress head are fixed two lails, on which two 
cast-iron boxes lun , these pi css boxes have a movable wi ought- 
iron bottom, and doors at the top at each side The boxes 
are loaded from ho])peis on an uppei floor, and are then run 
under the press-head, the lam and table rises, caiiying up the 
loose bottom plate, and piessing the hay between it and a top 
plate put into the box after being filled When the full 
pressure is taken, the top doors aie opened, and tw^o wrought- 
iron clips put on each side of the bale, which is thus clipped 
or held between the two wiought-iion plates. 

The bales of hay arc then lun aw^ay on an iron truck to 
an oven, where they aie heated, and the elasticity taken out ; 
after this, the plates can be removed, and the bales tied with 
cords. 

The size of the bale is legulated for a feed of a horse, etc, 
for a certain time Much economy is effected by this plan, 
as great loss takes place when the laige bales are used, on the 
common plan, on account of their size, and also being elasiic; 
directly the iron bands aie cut, the hay expands to nearly 
its original size, and if all the bale is not wanted for imme- 
diate use, it gets scattered or spoilt. 

So rapid is the process, that the author has known each 
press to be run up 200 times per day The pumps in this 
case are all 2 inches in diameter, with a very powerful engine, 
— ^this is done for speed ; the contracts are often taken for the 
greatest quantity tliat can be shipped in a certain time. la 
such cases, no otlior system can compete with this. 
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Another advantage of this plan is that oats, beans, bran, 
etc., can be mixed in the bale ; and will keep perfectly sweet for 
years. The author saw a bale that had been pressed, sent to 
sea, and returned and opened in his presence seven years after 
pressing. The interior smelled like new hay ; and, although 
it had been much exposed to the atmosphere, was not in any 
way deteriorated. 

When pressing on this rapid plan, the pipes must be well 
provided with safety and relief valves, to take the shocks off 
the pump pipes and presses. The engine should also have a 
very sensitive governor to shut off the steam when no pressure 
is being taken from the pipes by any of the presses. 

This is a case where the Accumulator '' could be applied with 
much advantage, on account of the storage of power and the 
direct control applied to the engine valve to suit the various 
requirements of the work. It would be advisable to have two 
accumulators — one for heavy pressures, and one for light ; the 
latter, say 1 ton to the square inch, and the former 3 tons 
per square inch, and by two lines of pipes and the necessary 
valves, the two presses could be used at pleasure. 

All the work requires to be very strong, as on this system 
of working the shocks to the machinery are of a very heavy 
character ; and unless all the work is of the highest class, 
fre<iuent fractures take place, involving not only heavy ex- 
penses for repairs, but much loss of time, which in this kind 
of work is of serious moment. 

The perfecting of hay-pressing machinery, especially on this 
plan, is due. to Mr. E. J Davis (the patentee of the process 
described), and who has carried out this class of business on 
the most extensive scale. 


Oil Presses. 

The rams are 12 inches in diameter and 12 inches to 
18 inches stroke. Height from base to head, 4 feet; four 
8J-inch diameter wrought-iron columns are fitted to the head 
and base as before described. The tables for pressing are four, 
they rest upon steel pins screwed into the columns. 

The columns are about 22 inches by 22 inches centres. Head 
and base, say, 12 inches to 14 inches deep on the outer edge ; 
the ribs in tiie centre 15 inches to 16 inches deep. 

H 
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filush tablo is planed at top and bottom, and has a channel 
atid mised rim all round to receive the oiL These channels 
have a fall to one comer, at which point a small copper pipe 
oondticts the oil from each table to the receiver below. 

In the case of linseed, the meal is put into bags and passed 
into a stove ; the bags when heated are packed on each press 
table, and the pressure gradually put on. When the required 
maximum is obtained, self-acting apparatus throws the pumps 
out of gear. 

The quantity turned out is about 40 hundredweight of cake 
and 10 hundredweight of oil in eleven or twelve hours ; more 
can be done where the rapid style of pressing is used ; it is 
not, however, liked so much as the more gradual work, which 
is considered to extract the oil more thoroughly, and in the 
result is, in the author’s opinion, the most economical method 
of working. 

The pumps are of the usual character ; oil is used in them 
in lieu of water. The pressure is about 3 tons per square 
inch, and, say, a total pressure of about 340 tons for a 12-'inch 
ram. For ordinary work this pressure is rarely exceeded. 

The column and some parts of the press are bright; this 
enables the man to keep them clean, and saves waste of oil, etc. 

Steahine, and Presses for like Materials 

Are constructed much the same as described at p. 89. The 
material to be pressed is placed in bags and piled up to the press- 
head. The table has a channel for receiving the liquid extracted, 
and is fitted with a pipe to run off into the receiver below. 

The rams are 10 inches to 12 inches in diameter, and 6 feet 
stroke. The presses are usually enclosed in a chamber, to 
which steam heat is applied, and are closed up until the time 
when the maximum pressure has been given. The dry sub- 
stance is then taken out of the bags, and the presses loaded 
again. In large places there are usually four to six, and some- 
times more, presses in the chamber. 

The pressure varies with the material; it is generally 

tons to S tons per square inch. The same remarks as io 
pumps, etc., apply in this case as for the oil presses; the 
pressure must be put on gradually, and at about the same 
speed as for oil. 
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SuGAB-SciTM Presses. 

The rams are usually 10 inches in diameter, by 2 feet 
6 inches stroke. 

The details of the ram, cylinder, etc., are the same as an 
ordinary press. 

To the head of the press is attached a square piston. The 
table carries a cast-iron press box mounted on four wheels ; 
thickness of metal, 2 inches sides and 3 inches bottom. On 
the inside of this box are cast ribs, and against these ribs four 
copper plates rest, which are drilled with holes. The sugar or 
scum to be pressed is placed in bags in the box on the table ; 
the ram and table carry up the 1k)x against the square piston 
at top, which presses the goods, the sugar liquor going into the 
annular space round the box; a cock and pipe allows the 
contents to be run away into a receiver at the base of the press. 
The box when lowered is run out on to rails and the bags 
taken out. Then distance between the wheels of the press box 
is sufficient to allow the press table to bear on the bottom of 
the box and not on the wheels. 

The Pumps are usually worked by hand, and are 1 inch and 

2 inches in diameter, fixed on a tank of water. Pressure used, 

3 tons per square inch. At the time the pressing is being 
done, plenty of hand labour is available, and as at this period 
it cannot be otherwise employed, it is more economical than 
steam power. This is partly on account of the necessary 
position of the press with regard to the other plant, and the 
time of the day most suitable for carrying out this process. 

Hops at Breweries. 

Spent hops are pressed in the same way as above, except 
that the press box is made with movable sides, to take out the 
cake when pressed. 

Hops may also be pressed in movable boxes, on the same 
plan as cotton, two boxes being used to save time. The follow- 
ing is a description of presses and pumps made by Messrs. 
Thomewill and Warham, and at work at Messrs. Bass and Co.’s 
and Messrs. Salt and Co.’s, at Burton-on-Trent The cylinders 
are 12 inches in diameter, by 4 feet to 5 feet stroke ; the pistons 
are packed with cup leathers. 

The pressure pumps are made two sizes — the large ones to 
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lift itha piston quickly after the hops have been pressed, at the 
tiwiA lifting a series cf weights attached to the piston 
toA. When the piston is at the top of the cylinder, and the 
1»en is filled with hops, a valve is opened, which makes a oom- 
initnication between the top and bottom of the piston; the 
weights then bring the piston down quickly, and the small 
pumps brought into use to obtain the required prcMure. The 
boxes travel on a rail, and are made slightly tapering, so that 
the pr^ed hops can be easily removed. 

Drugs and Essence Presses. 

foT drugs, the ordinary press is used ; and for essences, a 
press with ram 6 inches in diameter by 12 inches to 18 inches 
stroke, with press box made of gun-metal, tinned inside. In 
addition to this, the table has a channel all round, to prevent 
any loss of the liquid expressed. Where the drugs are delicate, 
the top of table is faced with gun-metal and also tinned. 

One pump, 1 inch in diameter, is fixed on a circular tank 
of water ; it is worked by hand lever. 

The pressure is about 1 ton to IJ tons per square inch. 

The general details of the press are the same as before 
describe, except that for small presses two columns may be 
used in lieu of four. 


Hat Making. 

For making low-crowned felt hats, a very ingenious applica- 
tion of hydraulic power is sometimes used. The hat is placed 
in an iron mould, which is carefully got up to the exact shape 
required. A top plunger of same shape is then brought down 
to the rim of the hat, leaving a space in which is a bag ; the 
hydraulic pressure is let into the bag, and an even pressure is 
thus given to the material. When the hat comes out the shape 
is perfect. 

An accumulator, with 6-inch ram by 4-feet stroke, will work 
ten presses. The pressure required is 150 to 160 pounds per 
square inch. The pumps to give the pressure can be worked by 
the general engine ; the distance from the same to the presses 
is not a matter of much moment. In addition to the accumu- 
lat(»r> it is advisable to have a good-sized air vessel, to ensure 
steady and even pressure. To keep this properly charged 
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with air, aee ihe former remarks on this subject, under the head 
of hydraulic 

This same kind of apparatus is applied in various other 
cases, the details of which vary according to special circum- 
stances. 


GENERiLL Remarks on Hydraulic Presses. 

Cylinders. — Where very heavy pressure is use<l, especially 
when the strokes of the presses are small, cast-steel cylinders 
are employed with much advantage. They are, as a rule, abso- 
lutely sound, and not porous like cast iron. They are of 
necessity rather costly; but where the work is heavy, and 
taking into account the cost of an occasional fractured cylinder, 
it pays to use the material. 

In casting cylinders and rams, the metal should always 
be run vertically, and great care taken to get off the air and 
gases, to ensure a solid and good casting. Only a selected 
description of metal should be used, the moulds carefully 
dried, and the temperature to run the metal should have par- 
ticular care. It is necessary to leave the castings in the sand 
for some time to anneal them, and uncover them gradually. 

One great cause of unsound castings is leaving the mixture 
of metal and the time to run it to ignorant workmen, when 
it really requires most skilful and careful attention. In the 
author 8 opinion, most of the unsound castings may be traced 
to this cause. 

Press Pumps are best made of bell-metal or phosphor 
bronze, and the various parts of the casting carefully pro- 
portioned, to prevent unequal contraction when cooling in the 
sand. They should be carefully annealed. Much care is re- 
quired in fitting the cup leathers, and seeing that the recesses 
for same are the proper dimensions. 

Water Tanks, for pumps, must be kept clean and free from 
grit; they should be covered, and frequently emptied and 
cleaned out. Oil is the best to use where Idle goods to be 
pressed will allow it. 

Leathers. — ^T he n shape for the rams, and f\ (hat) shape 
for the pumps, should be made of the best oil-dressed leather, 
cut out of the middle of the back of the hide, and dressed 
down to an even thickness before commencing the pressing. 
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UmI leathers are pressed in cast-iron moulds; the pressure 
should be gradually put on, and then left several days in 
the presses to hai^en. Common leather is useless for the 
purpose, and will not stand any wear. 

when weU made, of the best materials, and carefully put in, 
they last a long time — ^in hard-worked presses two years and 
upwards, and those used less often for several years. If, 
however, they are put in by ignorant people, they do not last 
long ; this is very false economy. 

Fressube Pipes. — The best are Perkin's high-pressure 
wrought-iron pipes. The threads must all be cut in a lathe, 
and ill the various caps, etc., must be of hard, dose gun- 
metal, most carefully fitted. At the junctions with the valve 
boxes and the hydraulic cylinder, discs of leather must be used 
to make the joints. 

Foundations. — ^As before stated, at p. 90, the cylinders 
should hang free in the pit ; the base of presses should rest on 
timber, on a brickwork or concrete foundation. On no account 
should the cylinder touch the sides or the bottom of the 
foundation, or be grouted in with liquid cement. 

Steam Power, Pumps, etc. — ^The engine power should be 
ample, and fitted with variable expansion gear, to accommo- 
date the varying work it may have to do. In all cases double 
cylinder or coupled engines are preferable, as they are more 
easily controlled, and can be started at any point of the 
stroke. 

Where the presses are worked by an accumulator, the same 
apparatus is used as described for ^e cranes, except that more 
pumps are attached to the engines, to suit the heavy and light 
pressures. 

Valves for Pressure must be of the best materials and 
workmanship, and should be in solid gun-metaL There are 
several patented, all which answer the purpose well. 

It must be borne in mind that this is a very important 
matter, as, if leakage takes place, there is much loss of power, 
aspedally at the higher pressures, and where there are^ many 
presses. 

Safety Valves and Relief Valves.— G reat care must be 
taken to ensure instant relief to the pipes in case of any 
tusdue sudden pressure, and that the suction valves of the 
pumps are thrown out of action when the maximum pressure 
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is obtained. The safety valves should be placed at various 
points on the pressure pipes, especially where they turn or run 
in a different direction, to ensure that the extra pressure in 
the pipes at any point finds relief as near same as possible, 
added to which, if one valve sticks, one of the others is sure 
to act These safety valves should be made with knife-edges, 
working on flat faces ; or, if the valve is made conical, the seat 
should be very narrow. When the valves and seats are made 
as above, they are very sensitive, and more likely to give 
instant relief to the pipes in case of any unusual, violent 
shock. 
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CHAPTER II. 

HYDRAULIC WORKSHOP MACHINERY. 

The application of water power to punching and other 
machines dates back some years To Mr R H Tweddell 
must, however, be awarded the merit of first bringing the 
same into practical use upon a large scale, for rivetting more 
especially, by the introduction of his patent machinery ; and 
although his application of hydraulic pressure to portable 
machines (those which can be taken to the work, instead of 
having to bring the work to the machines) constitutes the 
most original and interesting branch of Mr. Tweddell’s system, 
yet the first successful introduction was due, so far as rivetting 
machines are concerned — 

First, To the employment of a very high pressure of water, 
namely, from 1500 to 2000 pounds per square inch, which 
reduces the sizes of all motive parts, and, consequently, the 
weights — some of these machines, although exerting a pressure 
of many tons, only weighing a few pounds 

Second. To the adoption, in certain cases, of a form of 
accumulator which, so far as the stationary rivetting machines 
especially are concerned, acts not only as a reservoir, but also 
ae a means of greatly intensifying (for the moment) the above 
high static pressure ; and also allows the full static pressure to 
be maintained on the rivet-head as long as may be desired. 
It is to this general combination that the success of hydravZio 
rivetting is due. 

Many of the largest boiler, girder, ship-building yards, and 
wagon companies, have been fitted up upon this system. The 
author has seen it in action at several large places, and 
considers it the most perfect machinery of its class, and &r 
superior to a steam power plant. 

The working is more economical than any other system, and 



HTDBAUUC W0BK8H0P MACHINKRT. 


105 


the power better under control, while the freedom from vibra- 
tion, and the saving in costly foundations, especially recom- 
mend it for practical use. 

In this system on a large scale, no shafting or gearing is 
required to drive the machines; the power is obtained by 
pumping water into an accumulator, somewhat similar to 
those used for hydraulic cranes. The pressure from this is 
conveyed to the various machines by pipes in the usual way, 
the power being stored up in the “ Accumulator,” ready at any 
moment for application. 

Machinery of this class is very inexpensive to keep in 
repair — ^the wear and tear, owing to its entire cessation from 
movement when not doing useful work, being slight, and it 
costs very little for maintenance. 

All of the machines being self-contained and many of them 
being portable, they can be used in any part of the works, and 
their distance from the accumulator is not of much conse- 
quence. The apparatus is thus very suitable for outdoor 
work, such as erecting heavy bridges, since all the apparatus 
can be made portable. A great saving of time and cost is 
effected in such cases, the work being infinitely better done 
than by the best hand work, it being well known that, in 
erecting work outside, hand work is often done under very 
great disadvantages. 


Accumulator 

The pressure for rivetting machines is in some cases obtained 
by pumping water into a Differential Accumulator.” This may 
either be done by a pumping engine similar to those described 
at p. 4, for hydraulic cranes, or by a set of pressure pumps 
driven by a strap from the shop shafting. This latter plan will 
often be the most convenient where a stationary engine is 
already in use for other purposes. 

The pressure used is 1 500 pounds per square inch in this 
country, but in all machines used on Mr. Tweddell’s system in 
America, the pressure employed is 2000 pounds per square inch. 

Drawing No, 56 shows an elevation of a differential accumu- 
lator, half in section. The water is pumped in at a, and passes 
into the moving cylinder, B, by the holes, C. The cylinder then 
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twm, owing to the pressure exerted on the shoulder formed by 
the difiSarence of diameters of the spindle, D B, at C. Any 
required pressure is obtained, according to the number of 
weight rings, W W, put on. The water pa.s8es to the machines 
ihrotigh outlet, E. Suitable valves are fitted, not only to 
prevent accidents from too much water being pumped in, 
but also to automatically stop the pumps, whether driven by 
belting or separate engines, when the accumulator is filled. 
Other ordinary forms of accumulators, similar to those used 
for cranes (see p. 4) can be used when a complete shop is 
fitted up on the hydraulic system, or for working fianging 
machinery, etc. 

There is little reason to doubt, from the results obtained 
in practice, that, in a complete hydraulic workshop, only 
about J to of the boiler power would be required as com- 
pared with that necessary where ordinary steam or geared 
machinery is used, and even better results when compared 
with the system of separate steam cylinders attached to each 
machine. The loss of useful effect between the pressure 
pumps and the accumulator has been shown by experiment 
not to exceed 3J to 4f per cent. 

The loss by friction in the accumulator is only 1 per cent., 
and taking the friction at the machines themselves, which 
does not exceed 1 per cent, also, we have only 2 per cent, 
total loss from friction in the machines. 

The Power absorbed by shafting has been shown by ex- 
periments in a length of 1200 feet of, say, 2| inches in diameter, 
wUh aU the straps off, to be about one horse-power indicated 
for every 100 feet of shafting. If to this is added the friction 
of the belts and the gearing of the various machines, it will be 
seen the loss of power is much greater by shafting and gearing 
than in the direct application of hydraulic power transmitted 
from a distance through mains. Another interesting fact is 
that, in consequence of the motion of the hydraulic machine 
being least when giving off the greatest pressure, the speed of 
the wa/t&c in the main is at its slowest, and therefore the 
friction is least. 

In addition to the above considerations, the hydraulic 
^tem must be credited with all the economy obtained by the 
saving it effects in expensive roofs and walls, required not 
BO much for shelter as for carrying shafting and pulleys ; the 
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absence of all foundations ; and also the saving in bead room, 
and the consequent greater facility of worki^ cranes, <etc., 
owing to dear headway. There is again a great saving in shop 
floor room, and in boiler and ship yards where much rivetting 
is done, the portable riveters, by enabling the work to be 
quickly turned out, make a small ground area as productive 
as a la^ge one not so fitted. 

Rivetting Machines, Stationaby. 

In these machines the closing pressure upon the rivets is 
capable of adjustment, according to the requirements of the 
work. The pressure brought to bear on the rivet combines 
the efiect of a blow and also a steady squeeze or pressure, 
which pressure can be retained as long as desired. This 
property is also taken advantage of to lay the plates together 
before rivetting, thus saving much heating and risk of burning 
the plates. From 10 to 15 rivets per minute can be closed in 
boiler work, and for girder work a considerably greater speed 
can be obtained. 

The force used varies from 25 tons to 50 tons closing pressure 
upon the rivet-heads. In practice it is found that 40 tons can 
do any work up to IJ-inch rivets in 1 J-inch plates. 

The latest form of this machine is shown at Drawii^ 
No. 57. As will be seen, the cupping die is flush with^the 
top of the cylinder, thus enabling the rivets in flanges and 
angle irons on flat surfaces, and the throats of locomotive 
fire boxes to be readily reached. In this case the cylinder 
and gear are all above ground, and the action is direct — 
a great point, if it can be managed. As a rule, the hob, or 
dolly, should be of steel or wrought iron, to allow of small 
flues being got over it for rivetting. The stroke of the dies is 
such that if the rivet is too short, the full pressure is given to 
close it; if too long, no harm comes to the machine, and 
different numbers of thicknesses of plate can also be rivetted 
without any special adjustment. 

Portable Rivetting Machines. 

These machines will close, say, 300 rivets from 1 inch to 1 J 
inch in diameter per hour ; they are very useful in a workshop, 
and can either be suspended from specif cranes or can be hung 
temporarily from ordinary cranes over the work to be rivetted. 
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lowing 58 dhows the type of machine first patented 
by Itr. T Weddell, but with several recent additions in details. 
It will be seen that it has two levers. The rivet is closed by 
causing the copping dies attached to the levers to be brought 
together. Either end of the lever may be used for rivetting, the 
other end, of course, acting as the fulcrum In this way two 
gaps are available — one, a short one, capable of closing large 
rivets; the other doing proportionately smaller rivets at a 
greater gap. The pressure water is brought through the 
curved tube by which the machine is suspended. This com- 
bination of suspending gear and pipe is used in several 
forms ; it simplifies the tackle about the machine, and allows 
it to assume various positions without breaking any joints. 
This last is a recent addition, and it may here be observed 
that Mr. TweddeU has frequently acknowledged the valuable 
assistance he has received in designing new machines on his 
system (especially for rivetting purposes) from Mr James Platt 
and Mr. John Fielding, and indeed many of the machines 
about to be described are jointly patented. 

Work done — In bridge work, about 2000 rivets per day can 
be put in on straight girders , as many as 5000 rivets have, 
however, been put in by one machine in ten hours. 

In wagon work, rivetting the frames of wagon bodies at 
works in Scotland, 2100 rivets have been closed per day by 
one portable rivetter. 

Drawing No. 59 shows a machine designed for rivetting 
locomotive fire doors, angle iron rings for marine and land 
boiler fronts, furnace rings and lattice girders. The rivetter 
proper, R, is free to revolve inside a sleeve or strap. A, and 
when the holder up end, R^, is placed inside a locomotive 
fire box, the man has nothing to do, when the fire hole door is 
circular, but turn it round on its centre, thus closing the rivets 
in its circumference consecutively, and, if oval or square, it 
can do them also with a very slight adjustment of the lifting 
tackle. This machine, being direct-acting, can be made very 
poweifril for small gaps, and can close large rivets. 

In locomotive shops, as many as ten rivets per minute have 
been put in foundation rings by these portable riveters, the 
rivets being | inch in diameter and through a total thictoess 
0f copper and steel of inches. 
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Drawing No. 60 shows another form of portahle rivetter, 
suitable for boiler flues, bri«lge work, girders, tender t4nks, 
and work where a long gap is desirable. Most of these machines 
range from 3 feet to 4 feet 6 inches gap, and are specially 
designed for lightness ; otherwise their principle of working is 
the same as older types of fixed rivetters. 

These machines can be suspended from overhead travellers, 
or a fixed crane, as shown at Drawing No. 61. The suspend- 
ing gear is so arranged that they can hang with their levers 
either in a vertical (as illustrated) or a horizontal position. 

The cupping dies of these machines can also, when ne- 
cessary, be made flush with the top of the cylinder (see Draw- 
ing No. 61, showing one suspended to a crane), in which case, 
as shown' at Drawing No. 60, the cupping dies, A B, can 
rivet angles, etc., on flat surfaces, without the outer radius 
of the cylinder, C, coming in the way. 

Drawing No. 62 shows a form of portable rivetter, which 
enables the cylinder to be removed altogether from the ends 
of the levers carrying the cupping dies. This, of course, 
enables more work still to be reached. 

It is true that in Mr. TweddelFs first patent (see Drawing 
No. 58), the cylinder is out' of the way also, but when the 
gaps come to be considerable, this form of machine, owing to 
its having two powers (and in consequence two gaps), becomes 
too bulky, and without sufficient compensating advantages. 
It is, then, better to dispense with this double action, and, by 
adopting another order of levers, sacrifice the use of the other 
end of the levers for rivetting, and place the cylinder there. 

The most recent arrangement is shown on Drawing No. 62 ; 
great simplicity and stifihess have been obtained by adopt- 
ing the radial cylinder and ram, as shown in the drawings. 
This type of machine has been used successfully for ship’s 
stringers, floors, and similar work, and proved perfectly rigid 
and stiff up to 4 feet 6 inches gap, and while only weighing 
from 26 to 30 hundredweight; is capable of closing rivets 
1 inch in diameter. 

The cylinder, it will be seen, lias its longitudinal axis 
coincident with a radius struck from the centre of oscillation 
of the levers. All connecting rods, etc., are thus dispensed 
with, and sinoe the rams on the one lever, and the cylinder 
on the others, practically form part of their respective levers, 
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tile whole machine is perfectly rigid — a very important con- 
eideration towards securing fair and sound work. 

There are many other different kinds of rivetting machines 
made under Mr. Tweddell’s system, but it is unnecessary to 
particularize them, their number and variety only proving 
the applicability of hydraulic pressure to this class of machine 
tools. 

The application of portable machines, however, would be 
comparatively limited were there not also sufficient means of 
taking or applying the machines to their work, so as to do 
away with manual labour in this work also. For this purpose 
hydraulic power is, perhaps, in its best field, and by the use of 
hydraulic lifts (which not only do the lifting and lowering, 
but also serve to conduct the pressure to the tool), two purposes 
are served — ^first, the size and consequently the capacity for 
work of the machine is no longer limited by the weight which 
men can handle, and all pipes hanging about in the way are 
avoided. 

Hydraulic (Fixed) Crane and Lift. 

Drawing No 61 shows one of the numerous types of these 
cranes. A vertical lift of from 4 feet to 6 feet is obtained by 
means of the hydraulic lift. A, placed between the rivetter and the 
travelli^ carriage, B. TTie carriage travels the whole length 
of the jib, C, and the rivetting machine, D, can be racked in 
and out, without disconnecting the pipe joints. A crane fixed 
in the wall, and having 28-feet rake, can rivet any work placed 
within an area of 1200 square feet. 

Very large and heavy machines can, on this plan, be used 
as portable tools, since all the raising and lowering is done by 
hydraulic power. In many cases these lifts are simply sus- 
pended from the end of an ordinary travelling crane chain, 
and^ in other cases hydraulic travellers are used, each case 
having to be treated on its own merits. 

When no lifts are used, small copper pipes are employed to 
conduct the pressure water. These pipes are coiled in a spiral 
form. A spring-like action is thus secured, which allows the 
rivetter to vary its position within considerable limits ; and in 
practiee, the copper piping is found to answer perfectly, and it 
is not subject to the damage inseparable from the use of india- 
rubber hose. 
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In many cases, however, the work to be rivetted is spread 
over so large an area that a travelling crane is necessary, which 
is hereafter described. 

Travelling Crane and Lift. 

Drawing No. 63 shows this crane ; it can travel from 20 
feet to 30 feet along the ground or the shop floor without 
disconnecting any pipes, and, with a jib of 28-feet rake, a 
floor area of 4000 square feet is covered. The arrangement of 
lift is similar to that in Drawing No. 61. The great advantage 
of this plan is that the work on girders and similar work can 
be going on in difierent stages on either side of the rail on 
which the crane runs, erecting and plating on the one side, and 
ri vetting on the other ; or the crane can be used for plating and 
erecting first, and rivetting afterwards. Pressure mains are led 
from the "accumulator,” between the rails. The jib in Drawing 
No. 63 is free to revolve all round. A hydraulic lift, carried 
on the travelling monkey, not only serves to conduct the 
pressure, but to raise and lower any weight up to 1 or 2 
tons. Two of such cranes are often placed at the head of 
a ship-building slip, and all the floors and frames rivetted up 
as they pass under on their way down the keel, across which 
they are laid for rivetting before being up-ended. As soon 
as the ship is done, the cranes are moved to the next berth, 
or in some cases placed inside the hold for rivetting up the 
floor, etc. Ship rivettings, so far as the shell work is con- 
cerned, is a problem yet to be satisfactorily solved ; but so far 
back as 1872, in a paper read before the Institution of 
Mechanical Engineers, at Liverpool, Mr. Tweddell described 
his mode of rivetting ships* frames, keels, etc., which is now 
practically carried out, and used by all leading shipbuilders. 

Portable Rivetting Plant (Drawing No. 64). 

The characteristic of this arrangement is that not only is 
the rivetting machine carried on a crane, but the motive power 
for driving it also, and since the waste heat from the rivet- 
heating furnaces nearly suffices to drive the pumps, it is 
evident that, so long as the rivets have to be heated, nothing 
more economical as to cost of working can well be devised. 

The object of this design is to meet cases in which the bridge 
is to be erected in sites where skilled labour is often difficult to 
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mucli of the rivetting work is very heavy. This 
lAilit has not only been considerably adopted abroad, but also 
need in England. The first bridge, indeed, ever rivetted by 
hydraulic machines was thus done in London, in 1872, on the 
Great Eastern Railway Extension Works at Bishopsgate Street. 
But little description of Drawing No. 64 is required. All the 
lifting, racking, travelling, and other movements can, if desired, 
be done by power from the engines which drive the pumps. 
The accumulator spindle is utilized to serve as a crane post, and 
all the gear turns round this. The crane jib is made a great 
height, on account of doing the deepest girders. 

Small hydraulic punching, shearing, straightening, and bend- 
ing machines can readily be attached to the bed plate, and are 
very useful ; of course the pressure is available to work other 
rivetters, which, for the time being, may be suspended by 
ordinary tackle on other parts of the work. 

Hydraulic Punching and Shearing Machines. 

Drawing No. 65 shows a hydraulic punching, shearing, and 
angle-cutting machine, similar to those supplied to the Toulon 
Do^yard, and other places by the Hydraulic Engineering 
Company, Chester, to Mr. Tweddell's designs. The largest 
sizes hitherto constructed can punch 1 J-inch holes in IJ-inch 
plates, and shear plates of 1 J inch thick at a distance of 5 feet 
from the edge of the plates. The advantages of this system 
come out more prominently as the work to be done becomes 
heavier. When the plates are in the proper position to be 
punched, the workman admits the pressure ; this is entirely 
under his control, and the punch cannot descend until he is ready. 

The pressure cannot exceed the load upon the accumulator ; 
and hence it is immaterial whether there is too heavy a piece 
of work put in or not, as the machine cannot be strained. 

The machine works silently ; there is no noise or vibration, 
and on this account foundations are unnecessary. 

As each cyUnder with the tool holder attached is inde* 
pendent, an accident to one of them does not cripple the whole 
madhine, as is the case when gearing is used ; and as each tool 
works independently of the other, the man has not to wait 
until the stroke of the tool at the other end of the machine is 
eompleted. Each part of the machine is self-contained, and, 
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if desired, it can be taken into three parts and placed separately 
about the yard, or taken to where temporarily wanted, and 
connected to the mains. The facility for putting on special 
tools or stamps is also very considerable ; and the shear blades 
are so attached that they can very readily be altered to any 
angle by moving the blocks which hold them. 

The valve gear is arranged so that the amount of water 
used is proportionate to the thickness of the plate punched. 
The angle and bar cutter is shown placed between the punch 
and the shears, but of course the combinations are practically 
endless. A great incidental advantage is the clear headway 
obtainable for cranes, owing to the absence of belting or 
shafting. 

Amongst the other different applications may be mentioned 
the 


Chain Cable Shearing Machine (Drawing No. 66). 

In this modification of the hydraulic shears just described, 
the general principle is, of course, the same. The cable, 
although cut in one stroke, is, by stepping the knife, A, really 
cut in two efforts, thus allowing the area of the cylinder to 
be halved, although, of course, doubling the stroke. The same 
amoimt of water is therefore used, but considerable structural 
advantages are secured. 

The machine is a double-ended one, and chain cables from 
J inch up to 3^ inches in diameter can be cut without requir- 
ing any alteration in the knives. 

As in all Mr. Tweddell’s machines, the return motion is 
automatic and effected by hydraulic pressure. These machines 
are in use in most of the principal public chain-testing estab- 
lishments in this country, and are worked both by pumps 
direct and also with accumulators. 

Rail Shears (DiRwing No. 67). 

This illustrates another mode of applying hydraulic power 
by the use of a steam accumulator. This device has been used 
for many years, the novelty in the present machine consisting 
chiefly in the use of an automatic cut-oflf gear, which it is not 
necessary to describe in detail here. The principle of the 
apparatus is this : A large steam piston in the cylinder, A, and 

I 
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MlUiQk to WBiWiw of steam from a boiler, and having a oon- 
ffidemUe length of stroke, imparts a proportion^ly rnt^ 
tmssore per squaie inch on the fluid in the smaller jyimiter, 
B, iflaeed^ve it The water in <grlinder B being thus onc^er 
gznat pressure, is conveyed throng a pipe, C, to the hy^uUo 
cylinder D, with a ram carrying the rail shears, h. The ram 
in cylinder D having only a very short stroke a con- 
siderable diameter, the power stored up in the cylinder B is 
applied to great advantage. 

Without the intervention of this apparatus, it is dear that 
with the same steam power an impracticable size of shearing 
ram would be necessary, as the space through which the tool 
travels is so limited. 

The apparatus illustrated in Drawing No. 67 is intended 
to be carried in parts on railway trucks from one dep6t to 
another, utilizing the steam from the boiler of the locomotive 
which draws it. All old rails there accumulated are cut up to 
scrap, and the apparatus then moves on to the next station, 
and works off the old rails there. 

Stamping, Coreugating, and Forging Presses (Drawing 

No. 68). 

This press is used for corrugating sheet iron or steel plates 
for roof-work, and also as a stamping machine for fence pillars, 
footsteps, etc. 

It corrugate plates 12 feet wide by ^ inch to J inch 
thick, and could even take in larger sizes. This dass of 
machine only shows one of the many applications of hydraulic 
power. The well-known "Mallet" buckled plates have for many 
years been so manufactured, and similar machines have been 
made for stamping plough breasts and shares, and in fact 
shaping and moulding all descripticMof work. It is impossible 
to illustrate all these various applioationB, more especially as 
very often the chief points of interest centre in the ingenuity 
displayed in the construction of the necessary moulds and 
Uocks. 

Disc railway wheels, threshing machine drum-heads, are 
iJso so stamped. 

Otmed a step further, these machines develop into foigii|g 
presm, and veiy good work has already been done in this wsqr. 
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BBin^iNO AND Straightening Machines. 

l%is is another useful class of machine, and although 
hydraulic power obtained by means of a hand pump has 
often been used for this work, the machine shown in Drawing 
No. 69 possesses some novel features in addition to the quick- 
ness of working, due to the use of an “accumulator.” The 
length of stroke of the ram, A, is regulated by means of tappet 
gear, B, and of course by the same means it can be kept 
uniform for any work where much repetition is required The 
outer abutment blocks, C C, it will be seen, are moved towards 
and from each other by means of a right and left handed 
screw, D D, thus keeping their positions relative to the moving 
block, E, on the ram. A, correct, and capable of adjustment 
to the greatest nicety. By means of a coupling on the centre 
of screw at H, each side may, if required, work independently. 
No breakages can occur should too heavy a beam be put in, 
as the pressure due to the accumulator cannot be exceeded, 
and as these machines are made to exert a pressure varying 
from 10 tons to 100 tons, all classes of work from small angles 
inches by 4^ inches by If inch up to I section of the 
largest sizes rolled, can be bent or straightened. 

Flanging Machine. 

Drawing No. 70 shows one of Piedboeuf s machines, which 
is capable of flanging plates of all forms. These presses have 
been made powerful enough to flange steel plates 1^ inch thick 
and 8 feet in diameter. The mode of working is as follows. 
The ram, A, in the main cylinder, Aj, carries a table, B, on 
which is supported a hollow matrix, C, made of suitable form 
to pass over a fixed die or block, D, but leaving enough 
space between their respective surfaces all round to enable the 
plate, E £, to be moulded. The action is a somewhat peculiar 
one, since the matrix, C C, passes beyond the block, D, leaving 
the plate on the latter. This being ieft still hot, easily fells off 
by its own weight, and is removed. There is, however, a very 
important matter to be attended to, namely, holding the plate 
finnly to the upper block, while the matrix, C C, is passing 
over it. 

The four small cylinders, H H, carry a flat table, I I. This 
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tallie being held firmly agamst the top block, D, with the 
plftte between them, prevents any buckling of the latter. 

Vely great speed is obtained in working by th®ae presses ; 
in some agricultural workshops as many as 100 smoke box end 
plates have been flanged in nine hours, and a large plate for 
the back end of a marine boiler combustion chamber in one 
minute and a half from the time of opening the furnace door 
to the plate being levelled and finished 

All the applications of hydraulic power referred to in this 
article have been confined to machines having a reciprocating 
action, and, as a rule, exerting a great pressure through a small 
distance; but there is little reason to doubt that, from the very 
favourable results already obtained at Toulon Dockyard and 
elsewhere, there is an ample margin to allow of even rotary 
and other motions being economically performed by hydraulic 
pressure. 

The simplicity and efficiency of the three-cylinder hydraulic 
engines of Mr. Brotherhood have already caused them to be 
thus used for capstans in large iron working shops ; and there 
is probably a large field for the use of such machines in con- 
nection with bringing heavy work to machine tools. Mr. 
Tweddell has suggested their use for working the lifts for his 
fixed rivetting machines, and in some cases to use them for 
driving heavy rolls or lathes. 

In conclusion, the author cannot too highly recommend this 
system to the consideration of manufacturers, as the most 
efficient and economical plant for the purposes named herein. 

He considers a wide field is open for the application of the 
system, and he doubts not that, in a short time, no well- 
arranged iron- working establishment will be considered com- 
plete without such machinery. The author also considers this 
class of machinery is one of the most ingenious and useful 
Implications of the hydraulic power system ; and as the work 
turned out is so good, Mr. Tweddell is to be congratulated 
upon his success in the field he has made his own, almost 
without a rival. 
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ADDENDUM. 

Clark and Standfield's Hydraulic Lift for Bail- 
way Trains. 

Since Part I. of this book has been in type, the author 
has been fistvoured, by the above firm, with a drawing and 
description of a novel application of their patent hydraulic 
system, which may probably solve a difficult problem 
in railway work, especially in the vicinity of large towns, 
or where the trains of different companies may arrive at the 
same point at high and low levels. Much saving of time 
and cost would be effected by the proposed plan, which 
also has the advantage of being perfectly safe, free from 
aU complication in working, and also a very economical 
application of power. 

A large amount of money has been wasted in forming 
inclines, which are very expensive and dangerous to work, 
and require excessive engine power. 

This is illustrated by the approaches to the Thames Tunnel; 
the Ludgate Hill Station ; and the high-level stations of the 
London, Chatham, and Dover Railway ; the Snow Hill incline, 
and many similar places. 

This evil may be entirely obviated by the hydraulic system 
of balancing one train against another, or preferably by 
balancing the train by a differential compensating accumidator, 
with automatic valves, to ensure the horizontality of the 
system. 

Such a system, designed by Messrs. Clark and Standfield, is 
illustrated in Drawings Nos. 71 to 73. Drawing No. 71 shows a 
side elevation, Drawing No. 73 an end elevation, and Drawing 
No. 72 a plan of a hydraulic train lift (which may be made of 
any length), suitably guided and supported on a number of 
presses. The trams are balanced by a differential compensating 
accumulator (not shown in the drawing), on the system de- 
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aeribftd before ; so that the train or aconmulator may be made 
to {»ep<mderate, and be raised or lowered at will. The train 
is kept level by automatic valves, as before described. When 
the height is moderate, this operation may be easily per- 
formed in less than one minute as in an ordiiuiry passenger 
lift. 

Before the train descends, the opening is protected by 
powerful hydro-pneumatic buffers, as in the Drawing, whidi 
shows one in position, and one swung back. Similar buffers 
are provided at both ends of the lift. This ^stem could 
be cheaply and readily applied both to tunnels and high-level 
bridges, and would be very suitable for river ferries. By a 
similar compensating system applied to balancing platforms 
for railway passmigers, a railway tunnel might be constructed 
in the Lo^on clay at a low level beneath streets and houses, 
without interfering with any surface property, except at the 
stations, the trains being raised to the high-level systems when 
outside the city area. 
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in 8 divisions, 5/. is. Complete in 3 vols., cloth, 5/. 5^. Bound m a 
superior manner, half-morocco-, top edge gilt, 3 vols., 61 , 12s, 

See page i6. 

A Treatise on the Origin, Progress, Prevention, and 

Cure of Dry Rot in Timber; with Remarks on the Means of Preserving 
Wood from Destruction by Sea-Worms, Beetles, Ants, etc, By Thomas 
Allen Britton, late Surveyor to the Metropolitan Board of Works, 
etc., etc, RlateSf crown Svo, cloth, ^s, 6d, 

A General Table for facilitating the Calculation of 

Earthworks for Railways^ Canals^ etc,; with a Table of Proportional 
Parts. By Francis Bashforth, M.A., Fellow of St. John’s College, 
Cambridge. In 8va, cloth, with mahogany slide, 4s, 

** This little volume should become the handbook of every person whose duties require even 
occasional calculations of this nature ; were it only that it is more extensively applicable than 
•ny other in existence, we could cordially recommend it to our readers ; but when they learn 
tiKat the use of it involves only half the labour of all other Tables constituted for the same 
purposes, we offer the strongest of all recommendations— that founded on the value of time.” — 
MechanuPs Magazine, 
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A Handbook of Electrical Testing. By H. R.. 

Kempe, Assoc, of the Society of Telegraph Engineers. With lllmtra- 
Hons, Fcap. 8vo, cloth, 

Electricity; its Theory, Sources, and Applications. 

By John T. Sprague, Member of the Society of Telegraph Engineers. 
With 91 woodcuts and 30 valuable Tables. Crown 8vo, cloth, &f. 

Electricity and the Electric Telegraph. By George 

B, Prescott. With 564 woodcut illustrations^ 8vo^ cloth, i8j. 

Electro “Telegrciphy, By Frederick S. Beeciiey^ 

Telegraph Engineer, a Book for Beginners. Fcap. 8vo, cloth, xs% hd. 


Engineering Papers* By Graham Smith. 8vo, 

5*** Contents: 

Mortar; ** Miller Prire” Paper-Practical Ironwork : “filler Prize” Paper— RetMnin^ 
WaUsT Paper read at the Edii^jrgh and Leith Engineers’ Society. With Addenda and 
Discussions to each. 


SPons Ensineer^ and Contractors Illustrated Booh 

of Prices of Machirus, Tools, Ironwork, and Contractor^ Material 
Royd 8vo, cloth, yj. (id. Third edition nearly ready. 


The Gas Consumers Handy Booh By William 

Richards, C.E. iSmo, sewed, ( id , 

A Practical Treatise on Natural 

Concrete its Varieties and Constrmtm Adaptattons. ^ 

Author k the ‘ Science and Art of the Manufacture of 1 ortland Cement, 

With numerous woodcuts and plates, ovo, clotn, 15 • 

The Gas Analysts Manual. By F. W. Hartley, 

Ass^ L. C.E., etc. fVM numerous ^lustrations. Crown 8vo, 
cloth, 6 s, 


The French - Polishers Manual. By a French- 

^ PoU^^-ltaiuing Timber Stmnin^ W»|»ng. 

imSg,“rVamisWnij French-Pohshmg, Directions for Re- 
polishing. Third edition, royal 32mo, sewed, 6 d. 
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A Pocket-Book of Useful Formula and Memoranda 

for Cwil and Mechanical Engineers. By Guilford L. Molesworth, 
Mem. Inst C. E., Consulting En^neer to the Government of India for 
State Railways. Nineteenth edition, with a valuable contribution on 
Telegraphs by R. S. Brough and Dr. Paget Higgs. 32mo, roan, 6 j. 
Ditto, interleaved with ruled Paper for Office use, 9J. Ditto, printed on 

India paper, 6r. Synopsis of Contents : 

Surveying, Levelling, etc.— Strength and Weight of Materials— Earthwork, Brickwork, 
Masonry, ^ches, etc. — Struts, Columns, Beams, and Trusses — Flooring, Koohng, and Roof 
Trusses-^irders, Bridges, etc.— Railways and Roads— Hydraulic Formulae— Canals. Sewers, 
Waterworks, Docks— Irrigation and Breakwaters— Gas, Ventilation, and Warming — HcalL 
Light, Colour, and Sound — Gravity: Centres, Forces, and Powers— Mill work. Teeth or 
Wheels, Shafting, etc.— Workshop Recipes— Sundry Machinery— Animal Power— Steam and 
the Steam En^ne — Water-power, Watcr-whccTs, Turbines, etc — ^Wind and Windmills— 
Steam Navigation, Ship Building, Tonnage, etc, — Gunnery, Projectiles, etc.— Weights, 
Measures and Money— Trigonometry, Come Sections, and Curves— Telegraphy— Mensura- 
tion— Tables of Areas and Circumference, and Arcs of Circles — Logarithms, Square and 
Cube Roots, Powers — Reciprocals, etc.— Useful Numbers— Differential and Integral Calcu- 
lus— Algebraic Signs — Telegraphic Construction and Formulae. 

"Most of our readers are already acouainted with Molesworth’s Pocket-book, and not a 
few, we imagine, are indebted to it for vaitiable mformation, or for refreshers of the memory. 
The book has been re-arranged, the supplemental formulae and tables added since the first 
issue having now been incorporated with the body of the book in their proper positions, the 
whole making a handy size for the pocket Every care has been taken to ensure correctness, 
both clerically and typographically, and the book is an indispensable vade'mecum for the 
mechanic and the professiunm man.”— MechoMic. 


Spans' Tables and Memoranda for Engineers; 

selected and arranged by J, T. Hurst, C.E., Author of ‘Architectural 
Surveyors^ Handbook,' ‘Hurst's Tredgold’s Cai*pentry,' etc. 64mo, roan, 
gilt edges, third edition, revised and improved, is. Or in cloth case, 
is, 6d, 

This work is printed in a pearl type, and is so smaH, measuring only 2 ^ in by i| in. by 
i in. thick, that it may be easily carri^ in the waistcoat pocket. 

'* It is certainly an extremely rare thing for a reviewer to be called upon to notice a volume 
measuring but ai in. by if in., yet these dimensions faithfully represent the size of the handy 
little book before us. The volume— which contains xi8 printed pages, besides a few blank 
pages for memoranda— is, in fact, a true pocket-book, adapted for being carried in the waist- 
coat pt^et, and contadning a far greater amount and variety of information than most people 

would imagine could be compressed into so small a space The little volume has been 

compiled with considerable care and judgment, and we can cordially recommend it to our 
readers as a useful little pocket companion.”— A 


Analysis, Technical Valuation, Purification and Use 

of Coal Gas, By the Rev. W. R. Bowditch, M. A. With wood engravings,^ 
8vo, cloth, 12S, 6d, 

Condensation of Gas— Purification of Gas— Light— Measuring— Place of Testing Gas- 
Test Candies — The Standard for Measuring Gas-light — Test Burners — Testing Gas for 
Sulphur— Testing Gas for Ammonia— Condensation by Bromine— Gravimetric Method of 
taking Specific Gravity of Gas— Carburettii^ or Naphthalizing Gas— Acetylene— Explosions 
of Gas— Gnawing of (^pipes by Rats— Pressure as related to Public Lighting, etc. 


Hops, their Cultivation, Commerce, and Uses in 

mrwus Countries, By P. L. Simmonds. Crown 8vo, cloth, 4s. 6d, 
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A Practical Treatise on the Manufacture and Distri- 

* bution of Coal Gas, By William Richards. Demy 4to, with numerous 
wood engravings and large plates^ cloth, 2&r. 

Synopsis of Contents : 

Introduction— History of Gas Lighting— Chemistry of Gas Manufacture, by Lewis 
Thompson, £sq., M.R.C.S. — Coal, with Analyses, by J. Paterson, Lewis I'hompson, and 
G. R. Hislop, Esqrs.— Retorts, Iron and Ciay — Retort Setting-Hydraulic Main— Con- 
densers— Exhausters — Washers and Scrubbers— Purifiers— Purification — History of Got 
Holder — Tanks, Brick and Stone, Composite, Concrete, Cast-iron, Compound Annular 
Wrought-iron — Specifications — Gas Holders — Smtion M eter — Governor — Distribution- 
Mains — Gas Mathematics, or Formulas for the Distribution of Gas, by Lewis llionipson, Rsq — 
Services— Consumers’ Meters — Regulators — Burners— Fittings — Photometer — Carburization 
of Gas— Air Gas and Water Gas-^omposition of Coal Gas, by Lewis Thompson, 
Analyses of Gas— Influence of Atmospheric Pressure and Temperature on Gas— Residual 
deducts— Appendix — Description of Retort Settings, Buildings, etc., etc. 


Practical Geometry and Engineering Drawing; a 

Course of Descriptive Geometry adapted to the Requirements of the 
Engineering Draughtsman, including the determination of cast shadows 
and Isometric Projection, each chapter being followed by numerous 
examples; to which are added rules for Shading Shade-lining, etc., 
together with practical instructions as to the Lining, Colouring, I’rinting, 
and general treatment of Engineering Drawings, with a chapter on 
drawing Instruments. By George S. Clarke, Lieut. R.E., Instructor 
in Mechanical Drawing, Royal Indian Engineering College, Cooper^s 
Hill, 20f/a/es, 4to, cloth, iSs, 


The Elements of Graphic Statics. By Professor 

Karl Von Ott, translated from the German by G. S. Clarke, Lieut. 
R.E., Instructor in Mechanical Drawing, Royal Indian Engineering 
College, Cooper’s HilL Crown 8vo, doth, 5r. 


A Practical Treatise on Heat, as applied to the 

Vse/ul Arts; for the Use of Engineers, Architects etc By Thomas 
Box. Second edition, revised and enlarged, crown 8vo, cloth, I2s. bd. 

The New Formula for Mean Velocity of Discharge 

of Rivers and Canals. By W. R. Kutter, translated from articles m 
the ‘ Cultur-Ingenieur.’ By Lowis D’A. Jackson, Assoc. Inst. C.E. 
8vo, cloth, I2J, 6 d, 

Hydraulics of Great Rivers; being Observations and 

Surveys on the Largest Rivers of the World, By J. J. EVY. mp. 4 0, 
cloth, with eight large plates and charts, 2I. 2 s, 

Practical Hydraulics; a Series of Rules and Tables 

for the use of Engineers, etc., etc. By Thomas Box. Fifth edition. 
numerous plates, post 8vo, cloth, 5^* 
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The Indicator Diagram Practically Considered. By 

N. P. Burgh, Engineer. Nunurous illusiratwm^ fifth edition. Crown 
8vo, cloth, 6s, 6d, 

" This volume possesses one feature which renders it almost unique ; this feature is the 
mode in which it is illustrated. It is not difficult to take a diaj^am if the instrument is once 
set, and the Mtting with stationary engines is occasionally easy enough, but circumstances 
continually arise under which the young engineer is completelv at a loss as to how to obtain 
a diagram. All uncertainty will be removed by referring to the book under consideration: 
here we have drawings of the arrangements to be adopted under every conceivable circum- 
stance, drawings, we may add, illustrating the practice of the best engineers of the day.”— 
Engimtr, 

Link-Motion and Expansion Gear Practically Con- 

sidered. By N. P. BURGH, Engineer. Illustrated with 90 plates and 229 
wood engravingSy small 4to, half-morocco, 2/. 2s, 


The Mechanician and Constructor for Engineers, 

comprising Forging, Planing, Lining, Slotting, Shaping, Turning, Screw 
Cutting, etc. By Cameron Knight, Containing 96 plates^ 1147 illus^ 
trationSf and 397 pages of letterpress^ 4to, half-morocco, 2/, 12s, 6 d, 


The Essential Elements of Practical Mechanics; 

based on the Principle of Work, designed for Engineering Students. By 
Oliver Byrne, formerly Professor of Mathematics, College for Civil 
Engineers. Third edition, illustrated by numerous wood engravings^ 
post 8vo, cloth, 7^. 6d, 

Contents : 

Chap. I. How Work is Measured by a Unit, both with and without reference to a Unit 
of Time— Chap. 2. The Work of Living Agents, the Influence of Friction, and introduces 
one of the most beautiful Laws of Motion— Chap. J. The princides expounded in the first and 
second chapters arc applied to the Motion of Bodies — Chap. 4. The Transmission of Work by 
simple Machines— Chap. 5. Useful Propositions and Rules. 

The Practical Millwrights and Engineers Ready 

Reckoner; or Tables for finding the diameter and power of cog-wheels, 
diameter, weight, and power of shafts, diameter and strength of bolts, etc. 
By Thomas Dixon. Fourth edition, i2mo, cloth, 3J, 

CO-NTENTS: 

Diameter and Power of Wheels— Diameter, Weight, and Power of Shafts— Multipliers for 
Steam used Expansively— Diameters and Strength of Bolts— Size and Weight of Hexagonal 
Nuts— Speed of C^vemors for Steam Engines-^ontents of Pumps— WorkiM Barrels— Cir- 
cumferences and Areas of Circles— Weight of Boiler Plates— French and Engli^ Weights and 
Measures, etc. 

The Principles of Mechanics and their Application to 

Prime Mover s^ Naval Architeeturey Iron Bridges ^ Water Supply^ etc. By 
W. J. Millar, C.E., Secretary to the Institution of Engineers and Ship- 
builders, Scotland. Crown 8vo, cloth, 41. 6d, 



PUBLISHED BY E. & F. N. SPON. 


II 


^ Practical Treatise on Mill-gearing, Wheels, Shafts, 

Riggers, etc. ; for the use of Engfinecrs. By Thomas Box. Crown 8vo, 
cloth, second edition, 7 j. 6 ti. 

Mining Machinery: a Descriptive Treatise on the 

Machinery, Tools, and other Appliances used in Mining. By G. G. 
Andr^, F.G.S., Assoc. Inst. C.E., Mem, of the Society of Engineers, 
Royal 4to, uniform with the Author’s Treatise on Coal Mining, con- 
taining 182 plates, accurately drawn to scale, with descriptive text, in 
2 VOls., cloth, 3/. I 2 J. 

Contents : 

Machinery for Prospecting, Excavating, Hauling, and Hoisting— Ventilatian—Pumping^- 
Treatment of Mineral Products, including Gold and Silver, Copper, Tm, and Lead, Iron, 
Coal, Sulphur, China CUy, Brick Earth, etc. 

The Pattern Makers Assistant; embracing Lathe 

Work, Branch Work, Core Work, Sweep Work, and Practical Gear 
Construction, the Preparation and Use of Tools, together with a large 
collection of Useful and Valuable Tables. By JosuuA Rose, M.E. 
With 250 illustrations. Crown 8vo, cloth, lOs. 

The Science and Art of the Manufacture of Portland 

Cement, with observations on some of its constructive applications, with 
numerous illustrations. By Henry Reid, C.E., Author of *A Practical 
Treatise on Concrete,’ etc., etc. 8vo, cloth, i8j. 

The Draughtsman's Handbook of Plan and Map 

Drawing] including instructions for the preparation of Engineering, 
Architectural, and Mechanical Drawings. With numerous illustrations 
in the text, and 33 plates (15 printed in colours). By G. G. Andrk, 
F.G.S,, Assoc. Inst. C.E. 4to, cloth, 15^. 

Contents : 

The Drawing Office and its Furnishings — Geometrical Problems — Lines, Dots, and their 
Combinations— Colours, Shading, Lettering, Bordering, and North Points— Scales— Plottme 
— Civil Engineers’ and Surveyors’ Plans— Map Drawing — Mechanical and Architectural 
Drawing — Copying and Reducing Trigonometrical Formul®, etc., etc. 

The Railway Builder : a Handbook for Estimating 

the Probable Cost of American Railway Construction and Enuipment. 
By William J. Nicolls, Civil Engineer. Illustrated, full bound, ^cket- 
book form, yj. 6 d. 

Rock Blasting: a Practical Treatise on the means 

employed in Blasting Rocks for Industrial Purposes. By G. G, Andri^, 
F.G.S.. Assoc. Inst. C.E. With 56 illustrations and 12 plates, 8vo, cloth, 

lOf. 6(/. 
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Surcharged and different Forms of Retaining Walls. 

By J. S. Tate. Cuts^ 8vo, sewed, 2J. 

A Treatise on Ropemaking as practised in public and 

private Rope-yards^ with a Description of the Manufacture, Rules, Tables 
of Weights, etc., adapted to the Trade, Shipping, Mining, Railways, 
Builders, etc. By R. Chapman, formerly foreman to Messrs. Huddart 
and Co., Limehouse, and late Master Ropemaker to H.M. Dockyard, 
Deptford Second edition, i2mo, cloth, 3^. 

Sanitary Engineering; a Series of Lectures given 

before the School of Engineerings Chatham^ Division I. Air. — Division II. 
Water. — Division III. The Dwelling. — Division IV. The Town and 
Village. — Division V. The Disposal of Sewage. Copiously illustrated. 
By J. Bailey Denton, C.E., F.G.S., Honorary Member of the Agri- 
cultural Societies of Norway, Sweden, and Hanover, and Author of the 
‘Farm Homesteads of England,* ‘Village Sanitary Economy,* ‘Storage 
of Water,* ‘ Sewage Farming,* etc. Roysd 8vo, cloth, 25J. 

Sanitary Engineering: a Guide to the Construction 

of Works of Sewerage and House Drainage, with Tables for facilitating 
the calculations of the Engineer. By Baldwin Latham, C.E., M. Inst. 
C.E., F.G.S., F.M S., Past-President of the Society of Engineers. Second 
edition, with numerous plates and woodcuts^ 8vo, cloth, 1/. lar. 


A Practical Treatise on Modern Screw-Propulsion. 

By N. P. Burgh, Engineer. Illustrated with 52 large plates and 103 
woodcuts^ 4to, half-morocco, 2/. 2s, 

Screw Cutting Tables for Engineers and Machinists, 

f lving the values of the different trains of Wheels required to produce 
crews of any pitch, calculated by Lord Lindsay, M.P., F.R.S., F.R.A.S., 
etc. Royal Svo, cloth, oblong, 2s, 

Screw Cutting Tables, for the use of Mechanical 

Engineers, showing the proper arrangement of Wheels for cutting the 
Threads of Screws of any required pitch, with a Table for making the 
Universal Gas-pipe Threads and Taps. By W. A. Martin, Engineer. 
Second edition, royal Svo, oblong, cloth, is. 


Treatise on Valve-Gears, with special consideration 

of the Link-Motions of Locomotive Engines, By Dr, Gustav Zeuner. 
Third edition, revised and enlarged, translated from the German, with the 
special permission of the author, by Moritz MOller. Plates ^ Svo, 
cloth, I2s, 6d, 
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Qleamng and Scouring: a Manual for Dyers, Laun- 

dresses, and for Domestic Use. By S. Christopher. i8mo, sewed, (xi. 

A Treatise on a Practical Method of Designing Slide- 

Valve Gears by Simple Geometrical Construction^ based upon the principles 
enunciated in Euclid»s Elements, and comprising the various forms of 
Plain Slide-Valve and Expansion Gearing ; together with Stephenson's, 
Gt)och’s, and Allan's Link-Motions, as applied either to reversing or to 
variable expansion combinations. By Edward J. Cowling Welch, 
Memb. Inst. Mechanical Engineers. Crown 8vo, cloth, 6j. 

The Slide Valve practically considered. By N. P. 

Burgh, Engineer. Ninth edition, wah 88 illustrations, crown 8vo, 
doth, 5^. 


A Pocket-Book for Boiler Makers and Steam Users, 

comprising a variety of useful information for Employer and Workman, 
Government Inspectors, Board of Trade Surveyors, Iilngineers in charge 
of Works and Slips, Foremen of Manufactories, and the general Steam- 
using Public. By Maurice John Sexton. Royal 32mo, roan, gilt 
edges, Sx. 

Modern Compound Engines ; being a Supplement to 

Modem Marine Engineering, By N. P. Burgh, Mem, Inst. Mcch, Eng. 
Numerous large plates of working drawings^ 4to, cloth, i&r. 

The following Firms have contributed Working Drawing*; of their best and most modern 
examples of Engines fitted in the Royal and Mercantile Navies : Messrs. Maudslay, RenniCf 
Watt, Dudgeon, Humphreys, Ravenhili, Jackson, Perkins, Napier, Elder, Laird, Day, 
Allibon. 

A Practical Treatise on the Steam Engine, con- 

taining Plans and Arrangements of Details for Fixed Steam Engines, 
with Essays on the Principles involved in Design and Construction. By 
Arthur Rigg, Engineer, Member of the Society of Engineers and of 
the Royal Institution of Great Bntain, Demy 4to, copiously illustrated 
with woodcuts and efes plates^ in one Volume, half- bound morocco, 2/, 2x. 

This work is not, in any sense, an elementary treatise, or history of the steam engine, but 
is intended to describe examples of Fixed Steam Engines without entering into the wide 
domain of locomotive or marine practice. To this end illustrations will be given of the most 
recent arrangements of Horizontal, Vertical, Beam, Pumping, Winding, Portabl^ Semi- 

S irtablc, Corliss, Allen, Compound, and other similar Engines, by the most eminent Finns m 
rcat Britain and America. The laws relating to the action and precautions to be obseiyed 
in the construction of the various details, such as Cylinders, Pistons, Piston-rods, ^nnecting- 
rods. Cross-heads, Motion-blocks, Eccentrics, Simple, Expansion, Balanced, and Eqmlibnum 
Slide-valves, and Valve-gearing will be minutely dealt with. In this connection wilf be found 
articles upon the Velocity of Reciprocating Parts and the Mode of Applying the Indicator, 
Heat and Expansion of Steam Governors, and the like. It is the wntcr’s desire to draw 
illustrations from every possible source, and give only those rules that present practice deems 
correct. 
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Practical Treatise on Steam Boilers and Boiler 

Making, By N. P. Burgh, Mem. Inst, Mec. Eng. Illustrated by 1163* 
•wood engravings and 50 large folding plates of working drawings^ royal 4to, 
half-morocco, 3/. 13X, 6d, 

Barlow’s Tables of Squares, Cubes, Square Roots, 

Cube Roots i Reciprocals of all Integer Numbers up to io,cx)o. Post 8vo, 
doth, 6s, 

Camus (M.) Treatise on the Teeth of Wheels, demon- 

strating the best forms which can be given to them for the purposes of 
Machinery, such as Mill-work and Clock-work, and the art of finding 
their numbers, translated from the French. Third edition, carefully revised 
and enlarged, with details of the present practice of Millwrights, Engine 
Makers, and other Machinists. By Isaac Hawkins. Illustrated by 
18 plates^ 8vo, doth, ^s, 

2'he Chemistry of Sulphuric Acid Manufacture. By 

Henry Arthur Smith. Cuts^ crown 8vo, cloth, 4?. 6d, 

Contents : 

Ground Plan of Kilns for Burning Sulphur Orcs-^Seotion of Pyrites Fumace—On the 
Presence of Arsenic— Methods for Removal of Arsenic— An Experimental Examination of the 
Circumstances which determine the Action of the Gases in the Lead Chamber— On the Dis> 
tribution of Gases in the Lead Chamber —On the Temperature at which Nitnc Acid acts upon 
Sulphurous Acid— On the Distribution of Heat in the Lead Chamber— An Inquiry into the 
Best Form of Leaden Chamber, etc. 

A Practical Treatise on the Science of Land and 

Engineering Surveying, Levelling, Estimating Quantiiies, etc., with a 

C ieral description of the several Instruments required for Surveying, 
veiling, Plotting, etc. By H. S. Merreit. 41 fine plates with Illus- 
trations and Tables, royal 8vo, cloth, third edition, I2s, 6d, 

Principal Contents : 

Part X. Introduction and the Principles of Geometry. Part 3. Land Surveying; com- 
prising General Observations — ^The Cham — Offsets Surveyine by the Chain only — Surveying 
Hilly Ground— To Survey an Estate or Parish by the Chain only— Surveying with the 
Theodolite— Mining and Town Surveying— Railroad Surveying — Mapping— Division and 
Li^ying out of Land — Observations on Enclosures— Plane Trigonometry. Part 3. Levelling- 
Simple and Compound Levelling— The Level Book— Parriamentary Plan and Section- 
Levelling with a Theodolite — Gradients — Wooden Curves — To Layout a Railway Curve- 
Setting out Widths. Part 4. Calculating Quantities generally for Estimates— Cuttings and 
Embankments — Tunnels— Brickwork — Ironwork — ^Timber Measuring. Part 5. Description 
Use of Instruments in Surveying and Plotting— The Improved Dumpy Level— Troughton’s 
Level— The Prismatic Compass— Proportional Compass— Box Sextant— Vernier- Panta- 
grai^— Merrett’s Improved Quadrant— Improved Computation Scale — ^The Diagonal Scale— 
Strateht Edge and Sector. Part 6. Logarithms of Numbers — Logarithmic Sines and 
Co-^es, Tangents and Co-Tangents — Natural Sines and Co* Sines— Tables for Earthwork, 
for Setting out Curves, and for various Calculations, etc., etc., etc. 

Laying and Repairing Electric Telegraph Calles. By 

C9.pt V. HOSKIOE8. Royal Danish Engineers. Crown 8vo, cloth, 

3r. W. 
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A Pocket-Book of Practical Rules for the Proportions 

• of Modern Engines and Boilers for Land and Marine purposes. By N. P. 
Burgh. Sixth edition, revised, with Appendix, royal 32010, roan, 4^. td. 
Details of High-Pressure Engine, Beam Engine, Condensing, Marine Screw Engines. 
Oscillating Ennnes, Valves, etc.. Land and Marine Boilers, Proportions of Engines produced 
by the Rules, Proportions of Boilers, etc. 


Table of Logarithms of the Natural Numbers, from 

I to 108,000. By Charles Babbage, Es»q., M.A. Stereotyped edition, 
royal 8vo, cloth, yj. 6^. 

^o ensure the correctness of these Tables of Locarithms, they were compared with Callett’s. 
Vega’s, Hutton’s, Briggs’, Gardiner’s, and Taylor’s Tables of Logarithms, and carefully read 
by nine different readers ; and further, to remove any possibility of an error remaining, the 
stereotyped sheets were hung up in the Hall at Cambridge University, and a reward offered 
to anyone who could find an inaccuracy. So correct arc these Tables, that since their first 
issue m 1827 no error has been discovered. 


The Steam Engine considered as a Heat Engine : a 

Treatise on the Theory of the Steam Engine, illustrated by Diagrams, 
Tables, and Examples from Practice. By Jas. H. Cotterill, M.A., 
Professor of Applied Mechanics in the Royal Naval College; 8vo, cloth, 
I2s. 6d. 


The Prcutice of Hand Turning in Wood, Ivory, Shell, 

etc.^ with Instructions for Turning such Work in Metal as may be required 
in the Practice of Turning in Wood, Ivory, etc., also an Appendix on 
Ornamental Turning. By Francis Campin. Second edition, with wood 
engravings^ crown 8vo, cloth, 6r. (a book for beginners). 


Contents ; 

On Lathes— Turning Tools— Turning Wood-Drillinp-Screw Cutting-Miscellaneous 
Apparatus and Processes— Turning Particular Forms— Staining— Polishing— bpinnmg Metals 
—Materials — Ornamental Turnuig, etc. 


Health and Comfort in House Building, or Ventila- 
tion with Warm Air by Self-Acting Suctwn Power, with Review of the 
mode of Calculating the Draught in Hot-Air Flues, and with some actu^ 
Experiments. By J. Drysdale, M.D., and J W. Hayward, M.D. 
Second edition, with Supplement, demy 8vo, with plates, cloth, yr. W.; 
the Supplement separate, od. 

Treatise on Watchwork, P ast and Present. By the 

Rev. H. L. Nelthropp, M.A., F.SA. Numerous illustrations^ crown 
8vo, cloth, 6s. 6d. Contents ; 

Definitions of Words and Terms used » tZ] 

and Use a Watch, etc. 
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